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protein of 130kD, GRP78, GRP94, or hsp60. 
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RELATED APPLICATIONS 
This application claims priority to copending U.S. Provisional Applications Nos. 
60/476,550 and 60/478,234, filed on June 6, 2003 and June 13, 2003 respectively, the 
contents of which are incorporated herein by reference. 
5 GOVERNMENT FUNDING 

This invention was made, at least in part, with government support under grant 
nos. DK49106, DK36024,DK25306, DK60837-01A1, and DK32520 awarded by the 
National Institutes of Health. The government may, therefore, have certain rights in this 
invention. 

10 BACKGROUND OF THE INVENTION 

Apoptosis has been implicated in controlling the amount and distribution of 
certain differentiated cell types, such as cells of the hematopoietic lineage, as well as 
other somatic and germ cells. Apoptosis was first described as a morphologic pattern of 
cell death characterized by cell shrinkage, membrane blebbing and chromatin 

1 5 condensation culminating in cell fragmentation (Kerr et al., 1972. Br. J. Cancer 26:239). 
Cells undergoing apoptosis display a characteristic pattern of internucleosomal DNA 
cleavage (Wyllie. 1980. Int. Rev. Cytol. 69:251; Abrams et al. 1993. Development. 
117:29). 

Apoptosis is mainly controlled by the activation of the caspase (aspartate-specific 
20 cysteine protease) cascade. Caspases can be activated by a pathway involving 

mitochondria (the receptor-independent or intrinsic pathway) or by cognate interactions 
of death receptors with their ligands (the extrinsic pathway). The mitochondrial pathway 
is controlled by pro- and anti-apoptotic members of the Bcl-2 family of proteins. Signals 
that induce cell stress causes translocation of pro-apoptotic Bcl-2 family proteins from 
25 the cytosol to the mitochondria where they induce the release of cytochrome c and other 
apoptogenic factors (e.g. procaspase-2, procaspase-3, procaspase-8, procaspase-9, 
Smac/Diablo, AIF, or endonuclease G) from the interior of the mitochondria. Anti- 
apoptitic Bcl-2 proteins work to prevent the release of apoptogenic factors. Cytochrome 
c acts to initiate the caspase activation cascade by causing the oligomerization of 
30 apoptotic protease activating factor (APAF). This pathway results in the activation of 
procaspase-9, which then activates procaspase-3. Alternatively, ligation of cell death 
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receptors results in the activation of procaspase-8 by the extrinsic pathway. The end 
result of activation of either of these pathways is cleavage of cellular substrates and the 
morphological and biochemical changes characteristic of apoptosis. 

In addition to playing a role in normal development, apoptosis has been 
5 implicated in pathologic conditions, such as Alzheimer's disease, Parkinson's disease, 
amyotrophic lateral sclerosis (ALS), spinal muscular atrophy, and autoimmune disorders 
(see e.g., Passer et al. J Biol Chem 1999 Aug 20; 274: 24007). Moreover, the ability to 
modulate apoptosis in cells would be valuable in controlling undesirable cell 
proliferation, e.g., the proliferation of cancer cells. Thus, the identification of molecules 

10 involved in apoptotic pathways and agents that can modulate these molecules will be 
useful in controlling cell proliferation, differentiation, and/or apoptosis in numerous 
applications. Specifically, the identification of molecules involved in apoptosis of 
lymphoid cells will be of value in treating a variety of immunological disorders. 

SUMMARY OF THE INVENTION 

1 5 The present invention is based, at least in part, on the discovery that members of 

Ian gene family function to prevent apoptosis by regulating mitochondrial integrity in 
cells of lymphoid origin. As shown in the examples, the absence of the Ian family 
member Ian4 in T cells, but not thymocytes or B cells, causes mitochondrial dysfunction 
and spontaneous apoptosis, establishing Ian4 as a novel, tissue-specific regulator of the 

20 receptor-independent caspase pathway in these cells. In addition, the absence of 

functional Ian4 results in increased mitochondrial levels of stress-inducible chaperones 
and a novel leucine-rich protein of 130 kD. T cell activation and caspase 8 inhibition- - 
both prevented apoptosis, whereas transfection of T cells with Ian4-specific siRNA 
recapitulated the apoptotic phenotype. These data identify Ian4 as a new mitochondrial 

25 regulator of caspase-dependent T cell apoptosis. Furthermore, hsp60, leucine rich 
protein of 130kD, GRP78, and GRP94 have been implicated in apoptosis. Therefore, 
agents that modulate these molecules are useful in regulating apoptosis. 

Accordingly, in one aspect, the present invention provides a method of 
specifically modulating apoptosis in a cell of lymphoid origin, comprising contacting the 
30 cell with a compound that modulates the expression or activity of an Ian-related gene or 
protein, such that apoptosis in the cell is specifically modulated. 
In one embodiment, the Ian-related gene or protein is Ian4. 
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In one embodiment, the cell is a CD4+ cell e.g., a CD4+ T celL In another 
embodiment, the cell is a CD8+ cell, e.g., a CD8+ T cell. 

In one embodiment, apoptosis is downmodulated. In another embodiment, 
apoptosis is upmodulated. 
5 In one embodiment, the cell has previously received a signal that induces 

apoptosis. 

In one embodiment, the compound modulates mitochondrial inner membrane 
permeabilization. 

la another embodiment, the compound modulates the release of an apoptogenic 
1 0 factor from mitochondria within the cell. In a preferred embodiment, the apoptogenic 
factor is procaspase-2, procaspase-3, procaspase-8, procaspase-9, cytochrome-c, 
Smac/Diablo, AIF, or endonuclease G. 

In another aspect, the invention is directed to a method of treating an 
autoimmune disease, comprising contacting a cell with a compound that modulates the 
1 5 expression or activity of an Ian gene or protein, such that apoptosis is modulated and the 
autoimmune disease is treated. 

In one embodiment, the autoimmune disease is diabetes. 
In another embodiment, the Ian gene or protein is Ian4. 
In another embodiment, the expression or activity of Ian4 is upmodulated. 
20 In one embodiment, the compound modulates mitochondrial membrane 

permeabilization. In a preferred embodiment, the compound modulates mitochondrial 

inner membrane permeabilization. 

In another embodiment, the compound modulates the release of an apoptogenic 
factor from mitochondria within the cell. In a preferred embodiment, the apoptogenic 
25 factor is procaspase-2, procaspase-3, procaspase-8, procaspase-9, cytochrome-c, 
Smac/Diablo, ADF, or endonuclease G. 

In still another aspect, the invention pertains to a miethod of treating neoplasia, 
comprising contacting a cell, e.g., a cell of lymphoid origin, with a compound that 
modulates the expression or activity of an Ian-related gene or protein, such that apoptosis 
30 is modulated and neoplasia is treated. 

Tn one embodiment, the Ian gene or protein is Ian 4. In another embodiment the 
expression or activity of Ian 4 is upmodulated. In another embodiment, the expression 
or activity of Ian4 is downmodulated. 
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In one embodiment, the compound modulates mitochondrial membrane 
permeabilization. In a preferred embodiment, the compound modulates mitochondrial 
inner membrane permeabilization. 

In another embodiment, the compound modulates the release of an apoptogenic 
5 factor from mitochondria within the cell. In a preferred embodiment, the apoptogenic 
factor is procaspase-2, procaspase-3, procaspase-8, procaspase-9, cytochrome-c, 
Smac/Diablo, AIF, or endonuclease G. 

In another aspect, the invention pertains to a method of modulating receptor- 
independent apoptosis, comprising contacting a cell, e.g., a cell of lymphoid origin, with 
10 a compound that modulates the expression or activity of caspase 8, such that receptor- 
independent apoptosis is modulated. 

In another embodiment, the cell is a T cell. 

In yet another aspect, the invention pertains to a method of treating an 
autoimmune disease, comprising contacting a cell, e.g., a cell of lymphoid origin, with a 
1 5 compound that modulates the expression or activity of caspase 8, such that receptor- 
independent apoptosis is modulated and the autoimmune disease is treated. 

In another aspect, the invention pertains to a method of modulating apoptosis, 
comprising contacting a cell, e.g., a cell of lymphoid origin, with a compound that 
modulates the expression of activity of the leucine-rich protein of 130kD, such that 
20 apoptosis is modulated. 

In still another aspect, the invention pertains to a method of modulating 
apoptosis, comprising contacting a cell, e.g., a cell of lymphoid origin, with a compound 
that modulates the expression or activity of hsp60, GRP78 or GRP94, such that 
apoptosis is modulated. 

25 In yet another aspect, the invention pertains to a method of treating an 

autoimmune disease, comprising contacting a cell, e.g., a cell of lymphoid origin, with a 
compound that modulates the expression or activity of leucine rich protein of 130kD, 
hsp60, GRP78 or GRP94, such that apoptosis is modulated and the autoimmune disease 
is treated. 

30 In another aspect, the invention pertains to a method of treating neoplasia, 

comprising contacting a cell, e.g., a cell of lymphoid origin, with a compound that 
modulates the expression or activity of leucine rich protein of 130kD, hsp60, GRP78 or 
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GRP94, such that apoptosis is modulated and neoplasia is treated. 

In still another aspect, the invention pertains to a method for identifying a 
compound that modulates the anti-apoptotic activity of an Ian gene or protein, 
comprising: 

5 contacting a cell expressing a functional or nonfunctional Ian gene or protein 

with a test compound and; 

determining the ability of the test compound to modulate the expression or anti- 
apoptotic activity of the Ian gene or protein to thereby identify a compound that 
modulates the anti-apoptotic activity of the Ian gene or protein. 
10 In one embodiment, the Ian gene or protein is Ian4. 

hi one embodiment, the method further comprises subjecting the cell expressing 
the Ian gene or protein to a signal that induces apoptosis. 

In one embodiment, the ability of the test compound to modulate the anti- 
apoptotic activity of an Ian gene or protein is determined by measuring apoptosis in the 
15 cell. 

In another embodiment, the ability of the test compound to modulate the 
expression or anti-apoptotic activity of the Ian gene or protein is determined by 
measuring a change in the membrane permeabilization of mitochondrial membranes in 
the cell. In a preferred embodiment, the inner mitochondrial membrane permeabilizaton 
20 is measured. 

In still another embodiment, the membrane permeabilization of mitochondrial 
inner membranes is measured by determining mitochondrial inner membrane potential. 

In another embodiment, the compound modulates the release of an apoptogenic 
factor from mitochondria within the cell. In a preferred embodiment, the apoptogenic 
25 factor is procaspase-2, procaspase-3, procaspase-8, procaspase-9, cytochrome-c, 
Smac/Diablo, AH 7 , or endonuclease G. 

In yet another embodiment, the cell is engineered to express a heterologous 
nucleic acid molecule encoding a functional or non-functional Ian protein. 

In still another aspect, the invention pertains to a method of identifying 
30 compounds which modulate apoptosis in a cell of lymphoid origin, comprising: 

contacting a cell which expresses a functional or non-functional form of an Ian 
gene or protein with a compound; 
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determining the effect of the compound on apoptosis, to thereby identify a 
compound that modulates apoptosis in the cell. 

In one embodiment, the Ian protein is Ian4. 

In another embodiment, the method further comprises subjecting the cell to a 
5 signal that induces apoptosis. 

In one embodiment, apoptosis is increased. In another embodiment, apoptosis is 
decreased. 

In one embodiment, the ability of the test compound to modulate apoptosis is 
determined by measuring apoptosis in the cell. 
10 In another embodiment, the ability of the test compound to modulate apoptosis is 

determined by measuring a change in the membrane permeabilization of mitochondrial 
membranes in the cell. In a preferred embodiment, the membrane permeabilization of 
the inner mitochondrial membrane is measured. 

In still another embodiment, the membrane permeabilization of mitochondrial 
1 5 inner membranes is measured by determining mitochondrial inner membrane potential. 

In another embodiment, the ability of the test compound to modulate apoptosis 
within the cell is measured by the release of an apoptogenic factor from mitochondria 
within the cell. In a preferred embodiment, the apoptogenic factor is procaspase-2, 
procaspase-3, procaspase-8, procaspase-9, cytochromes, Smac/Diablo, AIF, or 
20 endonuclease G. 

In one embodiment, the ability of the test compound to modulate apoptosis is 
determined by measuring the expression or activity of a component of the receptor- 
independent apoptotic pathway. 

In another embodiment, the ability of the test compound to modulate apoptosis is 
25 determined by measuring the expression or activity of the leucine-rich protein of 1 30kD, 
hsp60, GRP78 or GRP94. 

In still another aspect, the invention pertains to a method for identifying a 
compound that modulates the receptor-independent pro-apoptotic activity of caspase 8, 
comprising: 

30 contacting a cell expressing caspase 8 with a test compound and; 

determining the ability of the test compound to modulate the receptor- 
independent pro-apoptotic activity of caspase 8 to thereby identify a compound that 
modulates the receptor-independent pro-apoptotic activity of caspase 8. 

6 
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In one embodiment, the ability of the test compound to modulate the receptor- 
independent pro-apoptotic activity of caspase 8 is determined by measuring apoptosis in 
the cell. 

In another embodiment, the ability of the test compound to modulate the 
5 receptor-independent pro-apoptotic activity of caspase 8 is determined by measuring a 
change in the membrane permeabilization of mitochondrial membranes in the cell. In a 
preferred embodiment, the permeabilization of the inner mitochondrial membrane is 
measured. 

In one embodiment, the membrane permeabilization of mitochondrial inner 
1 0 membranes is measured by determining mitochondrial inner membrane potential. 

In another embodiment, the ability of the test compound to modulate apoptosis is 
determined by measuring the release of an apoptogenic factor from mitochondria within 
the cell. 

In one embodiment, the apoptogenic factor is procaspase-2, procaspase-3, 
15 procaspase-8, procaspase-9, cytochrome-c, Smac/Diablo, AIF, or endonuclease G. 

In one embodiment, the ability of the test compound to modulate apoptosis is 
determined by measuring the expression or activity of a component of the recertor- 
independent apoptotic pathway. 

In another embodiment, the ability of the test compound to modulate apoptosis is 
20 determined by measuring the expression or activity of the leucine rich protein of 1 30kD, 
hsp60,GRP78 orGRP94. 

In still another aspect, the invention provides a method for identifying a 
compound that modulates the expression or anti-apoptotic activity of an Ian gene or 
protein, comprising: 

25 administering a test compound to a model organism with a mutant Ian phenotype; 

determining the ability of the test compound to rescue the mutant Ian phenotype 
to thereby identify a compound that modulates the expression or anti-apoptotic activity 
of the Ian gene or protein. 

In one embodiment, the Ian gene or protein is Ian4. 
30 In another embodiment, the organism is further subjected to a signal that induces 

apoptosis. 

In still another aspect, the invention provides a method of identifying a 
compound that modulates apoptosis in a cell of lymphoid origin, comprising: 
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administering a test compound to an animal model with a mutant Ian phenotype; 
determining the ability of the test compound to rescue the mutant Ian phenotype, to 
thereby identify a compound that modulates apoptosis in the cell. 
In one embodiment, the Ian protein is Ian4. 
5 In another embodiment, the organism is further subjected to a signal that induces 

apoptosis. 

In still another aspect, the invention provides a method for identifying a 
compound capable of treating an autoimmune disorder characterized by lymphopenia, 
comprising: 

1 0 administering a test compound to a animal model with a mutant Ian phenotype; 

determining the ability of the test compound to rescue the mutant Ian phenotype, to 

thereby identify a compound capable of treating a disorder characterized by 

lymphopenia. 

In one embodiment, the Ian protein is Ian4. 
15 In another embodiment, the organism is further subjected to a signal that induces 

apoptosis. 

In another embodiment, the disorder is diabetes. 

In still another aspect, the invention provides for identifying a compound capable 
of treating a neoplastic disorder of lymphoid origin characterized by aberrant Ian 
20 expression, comprising: 

administering a test compound to a non-human transgenic organism capable of 
overexpressing an Ian protein; determining the ability of the test compound to rescue the 
mutant Ian phenotype, to thereby identify a compound capable of treating a neoplastic 
disorder of lymphoid origin. 
25 In one embodiment, the Ian protein is Ian4. 

In another embodiment, the organism is further subjected to a signal that induces 
apoptosis. 

In another embodiment, the neoplastic disorder is leukemia, acute lymphocytic 
leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkins 
30 lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma and Burkett's lymphoma. 

In still another aspect, the invention provides a method for determining if a 
subject is at risk for an autoimmune disorder characterized by lymphopenia comprising 
detecting, in a sample of cells from the subject, the presence or absence of a genetic 
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lesion, wherein the genetic lesion is characterized by an alteration affecting the 
misexpression of the Ian gene. 

In one embodiment, the Ian protein is Ian4. 

In another embodiment, the disorder is diabetes. 
5 In still another aspect, the invention provides a method for determining if a 

subject is at risk for a neoplastic disorder characterized by Ian overexpression 
comprising detecting, in a sample of cells from the subject, the presence or absence of a 
genetic lesion, wherein the genetic lesion is characterized by an alteration affecting the 
integrity of a gene encoding an Ian protein or overexpression of the Ian gene. 
10 In one embodiment, the Ian protein is Ian4. 

In another embodiment, the disorder is leukemia, acute lymphocytic leukemia, 
acute lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkins 
lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma or Burkett ! s lymphoma. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figure 1 shows western analyses of Ian4 protein. Panel A shows thymocyte (Thy) 

and lymph node cell (LNC) lysates from Ian4 +/+ BBDR ("DR") and WF and Ian€ u 
BBDP ("DP") rats. Panel B shows lymph node T cell, splenic B cell, and macrophage 
lysates from Ian4 +/+ BBDR and WF \ART2a 2X rats. Panel C shows purified mitochondrial 
lysates from T cells and thymocytes of Ian4 +/ * BBDR and WF and lanf'' BBDP rats. 

20 Actin and cytochrome C were used as loading controls. 

Figure 2 shows mitochondrial membrane potential (A\|/ m ). Panel A shows A\|/ m of 
thymocytes from Ian4 +/ + (WF, BBDR) and Ian4~ / " (BBDP) rats; shown are the relative 
percentages of cells fluorescing red (vertical axis, high A\|/ m ) and green (horizontal axis, 
low Av|/ m ). The majority of thymocytes from both Ian4* /+ and Ian4~ A rats display high 
25 Ay m . Panel B shows Ai|/ m of lymph node T cells. Horizontal bars in histograms indicate 
gates used to identify a|3TCR + cells. The T lymphopenia of BBDP rats is evident. The 
dot plots show that the percentage of T cells with high A\|/ m was lower in Ian4 v ' than in 
Ja/z4 +/+ rats. 

Figure 3 shows kinetics of A\j/ m and DNA fragmentation. Panel A shows 
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peripheral T lymphocytes from Ian4 +/ + (WF and BBDR) rats and lanV (BBDP) rats 
were assayed for A\|/ m at time of isolation (Time Zero) and after 17 hrs of culture. Panel 
B shows the percentage of cells with sub-diploid DNA. Panels C and D show Ianf'' 
BBDP T cells that were incubated for 17 hrs with anti-CD3 plus anti-CD28 mAbs (C) or 
5 for 30 min with cyclosporin A (D). 

Figure 4 shows siRNA and proteomic analyses. Panel A shows transfection of 
Ian4-specific siRNA increased T cell apoptosis. Bars depict the percentage of cells with 
sub-diploid DNA after 48 hr of treatment. Panel B shows puri fied mitochondrial 
proteins from Ian4 +/+ WF and lanf*' BBDP rat T cells resolved by SDS-PAGE. Bands 
10 1 , 2, and 5 were differentially expressed in Ian4 +/+ vs. lanf*' T cells, excised, and 
identified by MALDI-TOF mass spectrometry. 

Figure 5 shows consensus GTPase domains in Ian4 proteins. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is based, at least in part, on the discovery that members of 
15 the Ian gene family function to prevent apoptosis in cells of lymphoid origin. The 

inventors herein disclose that the absence of the Ian gene family member, Ian4, in T cells 
causes tissue specific mitochondrial dysfunction and spontaneous apoptosis. In addition, 
the absence of functional Ian4 results in increased mitochondrial levels of stress- 
inducible chaperones, hsp60, GRP78, and GRP94 and a novel leucine-rich protein of 
20 1 30kD. Apoptosis could be prevented by T cell activation or with inhibitors of caspase 
3 or caspase 8. The role ofIan4 in apoptosis was confirmed by showing that transfection 
of T cells with Ian4-specific siRNA recapitulated the apoptotic phenotype. These data 
identify Ian proteins as a new, tissue-specific mitochondrial regulators of the receptor- 
independent apoptotic caspase pathway. Accordingly, the invention provides, inter alia, 
25 methods of identifying modulators of Ian proteins, and methods of modulating Ian 

activity in a cell. In addition, the invention provides for modulation of stress-inducible 
chaperones, hsp60, GRP78, GRP94, and/or modulation of a leucine rich protein of 
1 30kD which have also been implicated in modulation of apoptosis and for methods of 
identifying modulators of these molecules. 
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These and other aspects of the invention are described in further detail in the 
following subsections: 
I. Definitions 

The nucleotide and amino acid sequences of several "Ian" or immune-associated 

5 nucleotide gene family members are known in the art and include at least 1 0 human 
genes (hlanl-10) and at least 1 1 mouse Ian genes (mlanl-l 1) (Krucken et al. 1999, J. 
Biol. Chem, 274: 24383; Poirier et al., 1999, J. Immunol., 163: 4960; Daheron et al., 
2001, Nucleic Acids Res., 29: 1308) . In humans, all known Ian gene family members 
are located in a 300-kb within the 7q36.1 chromosomal region (MacMurray et al, 2002, 

10 Genome Res., 12: 1209; Cambot et al, 2002, Blood, 99:3293; Stamm et al, 2002, Gene, 
282: 159). Ian family members are anti-apoptotic factors characterized by the presence 
of a OTP-binding domain, as well as a carboxyterminal transmembrane domain that 
localizes the protein to the outer mitochondrial membrane. These proteins are also 
characterized by prominent expression in in lymphoid tissues. "Ian4" as used herein 

15 includes all nucleotide and amino acid sequences from all mammalian species. In 
humans, Ian4 has also been referred to as Ian411 and Ian5 . The nucleotide and amino 
acids sequences of human Ian4 are set forth in SEQ ID NO:l and SEQ ID NO:2 
respectively. In addition, human Ian4 is found at GenBank accession no: NP_060854 
(gi:28416949) orNM_018384 (gi:28416948). 

20 Ian4 is well conserved among species and several othologues of the human Ian4 

have been described. cDNA sequences encoding the mouse and rat Ian4 orthologues can 
be found at GenBank. AB164418; gi:46093643 and GenBank AAL17698 gi:21591786 
respectively. An alignment of human, mouse and rat Ian4 molecules is shown, e.g., in 
Hornumetal. 2002. diabetes. 51:1972. 

25 As used herein, the term "activity" of an Ian family member, e.g , Ian4, includes 

its ability to modulate apoptosis in a cell, in particular, a cell of lymphoid origin, such as 
a T lymphocyte. Specifically, Ian4 acts as an anti-apoptotic factor in T cells. 

As used herein, the term "modulate Ian, e.g 9 Ian4, activity or expression " 
includes upregulation and downregulation of Ian activity, e.g., anti-apoptotic activity, or 

30 Ian expression (e.g., at the level of transcription or translation) in a cell, 

As used herein the term "Caspase 8" refers to the active form of caspase 8 that 
results from cleavage of procaspase 8. As used herein, the term "modulate caspase 8 
activity or expression " includes upregulation and downregulation of caspase 8 activity, 

ll 
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e.g., pro-apoptotic activity, expression (e.g., at the level of transcription or translation), 
or post-transcriptional modification (e.g., cleavage into its active form) in a cell. The 
nucleotide and the amino acid sequence of various forms of caspase 8 are known in the 
art, see, e.g., GenBank accession numbers: NM_033357 (gi:15718709,variant D); 
5 NMJ)33356(gi:15718707,varian^ 

NMJ)33358 (gi:15718711, variant E); and NM__033355 (gi:15718705, variantB). 
Other art recognized caspases are also within the scope of the invention. 

As used herein the term "leucine rich protein of 130kD" refers to the leucine rich 
protein of 130kD that was previously referred to as gpl30. The nucleotide and amino 
10 acid sequence of the human 130 kD leucine rich protein is known in the art, see e.g., 
Hou, J. et al. 1994. In Vitro Cell Dev. Biol 30A:111; GenBank accession no. S27954 
(gi:284289) NP__573566 (gi:18959202) and are shown in SEQ ID NO:3 and SEQ ID 
No:4 respectively. 

As used herein the terms hsp60, GRP78, and GRP94 refer to stress-inducible 

15 chaperones. The nucleic acid and amino acid sequences of these molecules are known in 
the art. For example, the nucleotide and amino acid sequence of human hsp60 can be 
found in Jindal et al. (1989. Mol Cell Biol 9:2279) or in GenBank Accession No: 
NM 0021 56 (gi:4504520) and are shown in SEQ ID NO:5 and 6 respectively. The 
nucleotide and amino acid sequence of human GRP78 can be found in Ting and Lee. 

20 1988. DNA 7:275 or at GenBank Accession No: NM_005347 (gi21361242) and are 
shown in SEQ ID NO:7 and 8 respectively. The nucleotide and amino acid sequence of 
human GRP94 can be found in GenBank Accession no. AY040226 (gi:15010549) or 
AAK74072 (gi:15010550) and are shown in SEQ ID NO:9 and 10 respectively. 

As used herein the term "apoptosis" includes programmed cell death which can 

25 be characterized using techniques which are known in the art. Apoptotic cell death can 
be characterized directly, e.g., by cell shrinkage, membrane blebbing and chromatin 
condensation culminating in cell fragmentation. Cells undergoing apoptosis also display 
a characteristic pattern of intemucleosomal DNA cleavage. Alternatively, apoptosis can 
be characterized indirectly by changes in the activity or expression of members of the 

30 apoptotic pathway, e.g. increased mitochondrial release of cytochrome c. As used 

herein, the term "modulating apoptosis" includes modulating programmed cell death in a 
cell of lymphoid origin, such as a T cell. As used herein, the term "modulates apoptosis" 
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includes either upregulation or downregulation of apoptosis in a cell. Modulation of 
apoptosis is discussed in more detail below and can be useful in ameliorating various 
disorders, e.g., immunological disorders or cancer. 

As used herein the term "cell of lymphoid origin" includes T and B lymphocytes 

5 or cells, as well as natural killer cells (z.e, NK cells). 

As used herein the term "receptor-independent apoptosis" includes apoptosis that 
is not brought about by ligation of a death receptor (e.g., CD95, DR3/WSL, or 
(TRAIL)/APO-2L receptors) on a cell and activation of the extrinsic pathway, but rather 
is brought about by stress on the cell (e.g., absence of a cytokine). 

10 As used herein the term "mature T cell" or "mature T lymphocyte" includes 

mature single positive cells, e.g., CD4+ T cells (cells bearing the CD4 molecule) and 
CD8+ T cells (cells bearing the CD8+ molecule). The term "mature T cell" does not 
include thymocytes or double positive (CD4+/CD8+) cells. The term T cell includes 
Thl cells and Th2 cells. 

1 5 As used herein, the term "non-T lymphocytes" includes other lymphocytes which 

are not T lymphocytes, e.g., B cells and monocytes that are not derived from the thymus 
and do not express T cell markers, e.g., CD3 or the T cell receptor. 

As used herein, the term "mitochondrial integrity" includes the ability of 
mitochondria to maintain an electro chemical (proton) gradient and retain apoptogenic 

20 factors such as cytochrome c within the mitochondrial matrix or intermembrane space. 
A used herein, the term "mitochondrial inner membrane permeabilization" 
includes an increase in mitochondrial inner membrane permeability, such that solutes are 
extruded through the membrane, water is influxed, and, ultimately, the transmembrane 
potential of the membrane is disrupted. 

25 As used herein, the term "mitochondrial inner membrane potential" includes the 

electro chemical (proton) gradient that results from the electron-transport-chain- 
mediated pumping of protons out of the inner mitochondrial membrane. 

As used herein the term "autoimmune disease" includes diseases or disorders 
which involve inappropriate or unwanted immune responses to self antigens. 

30 As used herein, "heterologous DNA" or "heterologous nucleic acid" includes 

DNA that does not occur naturally as part of the genome in which it is present or which 
is found in a location or locations in the genome that differs from that in which it occurs 
in nature or which is operatively linked to DNA to which it is not normally linked in • 
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nature (i.e., a gene that has been operatively linked to a heterologous promoter). 
Heterologous DNA is not naturally occurring in that position or is not endogenous to the 
cell into which it is introduced, but has been obtained from another cell. Heterologous 
DNA can be from the same species or from a different species. In one embodiment, it is 
5 mammalian, e.g., human. DNA that one of skill in the art would recognize or consider as 
heterologous or foreign to the cell in which is expressed is herein encompassed by the 
term heterologous DNA. In contrast, the term endogenous, used with respect to nucleic 
acid, includes DNA that is native to the host cell, i.e., has not been introduced but is 
naturally-occurring in the cells or genome of an organism (i.e. not altered or introduced 

10 by techniques of molecular biology). 

The terms "heterologous protein", "recombinant protein", and "exogenous 
protein" are used interchangeably throughout the specification and refer to a polypeptide 
which is produced by recombinant DNA techniques wherein, generally, DNA encoding 
the polypeptide is inserted into a suitable expression vector which is in turn used to 

15 transform a host cell to produce the heterologous protein. That is, the polypeptide is 
expressed from a heterologous nucleic acid molecule. 

As used herein, the term "antibody" is intended to include immunoglobulin 
molecules and immunologically active portions of immunoglobulin molecules, i e. , 
molecules that contain an antigen binding site which binds (immunoreacts with) an 

20 antigen, such as Fab and F(ab f )2 fragments, single chain antibodies, intracellular 

antibodies, scFv, Fd, or other fragments. Preferably, antibodies of the invention bind 
specifically or substantially specifically to a protein of the invention (e.g., Ian4, leucine 
rich protein of 130 kD, hsp60, GRP78, or GRP94). The terms "monoclonal antibodies" 
and "monoclonal antibody composition", as used herein, refer to a population of 

25 antibody molecules that contain only one species of an antigen binding site capable of 
immunoreacting with a particular epitope of an antigen, whereas the term "polyclonal 
antibodies" and "polyclonal antibody composition" refer to a population of antibody 
molecules that contain multiple species of antigen binding sites capable of interacting 
with a particular antigen. Monoclonal antibody compositions thus typically display a 

30 single binding affinity for a particular antigen with which they immunoreact 

A "small molecule" includes compounds which are not the product of gene 
transcription or translation (protein, RNA or DNA). Preferably a "small molecule" is a 
low molecular weight compound, e.g., less than 7500 amu, more preferably less 5000 
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amu and even more preferably less than 1000 amu. 

An "agenf ' shall include compounds such as small molecules, antibodies, 
peptides. 

D- Modulation of Apoptosis 
5 As shown in the instant examples, a frameshift mutation in the Ian4 gene results 

in severe T cell lymphopenia that is associated with mitochondrial dysfunction, 
increased mitochondrial levels of stress-inducible chaperones and a novel leucine-rich 
protein, and spontaneous T cell-specific apoptosis. Thus, the frameshift mutation is a 
loss-bf-function mutation that results in the failure to inhibit apotosis. T cell activation 

10 and caspase 8 inhibition both prevented apoptosis, whereas transfection of T cells with 
Ian4-specific siRNA caused apoptosis. These data identify Ian4 as a regulator of 
apoptosis. In addition, hsp60, GRP78, and GRP94 have been implicated in apoptosis. 
Accordingly, the invention provides for the modulation of the expression and/or activity 
of one or more of the proteins of the invention (Ian4, hsp60, GRP78, or GRP94) to 

15 modulate cell proliferation, viability, or apoptosis in cells of lymphoid origin. In another 
embodiment, the invention provides for modulation of caspase 8 activity, expression, or 
post-translational modification to modulate receptor-independent apoptosis in a cell of 
lymphoid origin. In one embodiment, expression and/or activity is modulated in a T 
cell. Given the key role of T cells in immune responses, the subject methods can be used 

20 to modulate normal or aberrant immune responses (e.g., immune deficiencies, 

autoimmune diseases or other unwanted immune responses) or to modulate the growth 
of immune cells, e.g., neoplasias, such as cancers, in particular, leukemia. la one 
embodiment, expression and/or activity of a protein of the invention is modulated in a 
thymocyte. In one embodiment, expression and/or activity of a protein of the invention 

25 is modulated in a mature T cell. In one embodiment, apoptosis is modulated in a single 
positive T cell, e.g., bearing CD4 or CD8 and not in a cell bearing both CD4 and CD8. 
In another embodiment, expression and/or activity of a protein of the invention is 
modulated in a B cell. In another embodiment, expression and/or activity of a protein of 
the invention is modulated in a cell that does not normally express a functional Ian4, 

30 e.g., Ian4, protein. In another embodiment, apoptosis is modulated in a cell other than a 
T cell. Accordingly, the subject methods can also be used to modulate normal or 
aberrant cell development, proliferation, or apoptosis in non-T cells. 

15 
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In one embodiment, the methods of the invention modulate receptor-independent 
apoptosis. In another embodiment, the methods of the invention modulate receptor- 
dependent apoptosis. 

In one embodiment, apoptosis is modulated in a cell that has previously received 
5 a signal that induces apoptosis, e.g., the cell has been subjected to a stress signal that 
induces receptor-independent apoptosis or a death receptor that induces apoptosis in the 
cell has been ligated. In another embodiment, apoptosis is modulated in a cell that has 
not previously received a signal that induces apoptosis. 

In one embodiment, Ian 4 expression or activity (e.g., Ian4 expression or activity) 
10 is modulated. In another embodiment, the expression or activity of a polypeptide whose 
expression is controlled by an Ian gene family member is modulated. In a preferred 
embodiment, the Ian gene family member is Ian4. In another embodiment, expression or 
activity of one or more of leucine rich protein of 130kD, GRP94, GRP78, and hsp60 is 
modulated. In another embodiment, the expression or activity of an Ian gene family 
15 member (e.g., Ian4) is modulated in combination with modulation of the expression or 
activity of one or more of leucine rich protein of 130kD, GRP94, GRP78, and hsp60. In 
still another embodiment, caspase activity, expression, orpost-translationai modification 
is modulated in order to modulate receptor-independent apoptosis in a cell. In one 
embodiment, the caspase is caspase 8. 

20 Depending upon the disorder or condition to be treated, apoptosis can be up- or 

downmodulated. Exemplary Ian stimulatory agents, agents that stimulate Ian expression-. , 
or anti-apoptotic activity of Ian and therefore reduce or inhibit apoptosis, and Ian 
inhibitory agents, agents that inhibit Ian expression or anti-apoptotic activity and 
therefore enhance or stimulate apoptosis, are described in more detail below. 

25 In one embodiment, agents that modulate the expression or activity of leucine 

rich protein of 130kD, GRP94, GRP78, and/or hsp60 can be used to modulate apoptosis. 
In another embodiment, agents that stimulate caspase 8 expression, activity or post- 
translational processing into the active form can be used to enhance or stimulate 
apoptosis and agents that inhibit caspase 8 expression, activity or post-translational 

30 processing into the active form can be used to enhance or reduce or inhibit apoptosis. 
Such agents can be used alone, in combination, or with other agents known in the art to 
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promote or inhibit apoptosis. 
A. Stimulatory Agents 

According to the methods of the invention, to stimulate the expression and/or 
activity of one or more of the proteins of the invention, a cell is contacted with a 
5 stimulatory agent that stimulates expression and/or activity of one or more of the 
proteins. 

In one embodiment, the expression and/or anti-apoptotic activity of a functional 

Ian gene or protein is stimulated in a cell that already expresses it, but at insufficient 

levels, in order to decrease apoptosis. 
10 In a more specific embodiment, to stimulate the expression and/or anti-apoptotic 

activity of Ian4, a cell is contacted with a stimulatory agent that stimulates expression 

and/or activity of Ian4. 

In one embodiment, the expression and/or activity of Ian4 is increased in a cell 

that already expresses Ian4. 
15 In another embodiment, the expression and/or activity of functional Ian gene or 

protein is stimulated in cells that do not normally express functional Ian gene or protein, 

such as lymphoid cells which express a mutated non-functional form of the Ian gene 

(e.g. a frameshift mutation) or non-lymphoid cells, in order to decrease apoptosis. 
In one embodiment, apoptosis can be inhibited in cells that do not normally 
20 express functional Ian4, such as lymphoid cells which express a mutated form of Ian4 or 

non-lymphoid cells. 

In one embodiment, the expression and/or pro-apoptotic activity of functional 

leucine rich protein of 130 kD, GRP94, GRP78, or hsp60, is stimulated in a cell that 

already expresses one or more of these molecules, but at insufficient levels, in order to 
25 increase apoptosis. In another embodiment, the expression and/or pro-apoptotic activity 

of one of these molecules can be stimulated in cells that do not normally express a 

functional form, in order to increase apoptosis . 

In another embodiment, the pro-apoptotic activity of caspase 8 is stimulated in a 

cell that already expresses the functional molecule, in order to increase receptor- 
30 independent apoptosis. In one embodiment, receptor-independent apoptosis can be 

stimulated in cells that do not normally express a functional form of this molecule, in 

order to increase receptor-independent apoptosis. 
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la another embodiment, to stimulate the pro-apoptotic activity of leucine rich 
protein of 130 kD, GRP94, GRP78, or hsp60, a cell is contacted with a stimulatory agent 
that stimulates expression and/or activity of one or more of these molecules. In one 
embodiment, the expression or activity of leucine rich protein of 130 kD, GRP94, 
5 GRP78, or hsp60 is increased in a cell that already expresses one or more of the 

molecules. In one embodiment, apoptosis can be modulated in cells that do not normally 
express functional forms of these molecules. 

In another embodiment, to stimulate the pro-apoptotic activity of caspase 8, a cell 
is contacted with a stimulatory agent that stimulates expression, post-translational 

10 processing and/or activity of this molecule. In one embodiment, the expression or 

activity of caspase 8 is increased in a cell that already expresses the molecule to increase 
receptor-independent apoptosis. In one embodiment, receptor-independent apoptosis can 
be stimulated in cells that do not normally express a functional form of this molecule. 
A preferred stimulatory agent is a nucleic acid molecule encoding a functional 

15 protein of the invention, wherein the nucleic acid molecule is introduced into the cell in 
a form suitable for expression of the functional protein in the cell (ie. gene therapy). For 
example, a cDNA is cloned into a recombinant expression vector and the vector is 
transfected into the cell. 

To express a protein in a cell, typically a cDNA is first introduced into a 

20 recombinant expression vector using standard molecular biology techniques. cDNA 

encoding a protein of the invention can be obtained, for example, by amplification using 
the polymerase chain reaction (PCR) or by screening an appropriate cDNA library." The 
nucleotide sequences of cDNAs known in the art can be used for the design of PCR 
primers that allow for amplification of a cDNA by standard PCR methods or for the 

25 design of a hybridization probe that can be used to screen a cDNA library using standard 
hybridization methods. For example, Ian4 cDNAs from other mammalian species can be 
isolated using standard molecular biology techniques (e.g. 9 PCR or cDNA library 
screening) and primers or probes designed based upon the known sequences. 

In addition, variant forms of the proteins of the invention which retain the ability 

30 to modulate apoptosis can be used. For example, a nucleic acid molecule of the present 
invention can comprise a nucleotide sequence which is at least about 75%, 80%, 85%, 
90%, 95%, 96%, 97%, 98%, 99% or more identical to the nucleotide sequence to a 
nucleotide sequence encoding a protein of the invention (e.g., to the entire length of the 
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nucleotide sequence encoding the protein), or a biologically active portion or 
complement of any of these nucleotide sequences. 

Moreover, the nucleic acid molecule of the invention can comprise only a portion 
of the nucleic acid sequence encoding a polypeptide which modulates apoptosis. For 
5 example, a fragment of a nucleic acid sequence can be used as a probe or primer to 
measure transcription of a protein of the invention (e.g., the 130KD leucine rich protein 
or a chaperone) as marker of apoptosis or a fragment encoding a portion of protein (e.g., 
a biologically active portion of a protein belonging to the Ian gene family) can be used as 
a modulating agent. A probe/primer of the invention typically comprises an internal 
10 fragment, e.g., a region of nucleotide sequence that hybridizes under stringent conditions 
to at least about 12 or 15, preferably about 20 or 25, more preferably about 30, 35, 40, 
45, 50, 55, 60, 65, or 75 consecutive nucleotides of a sense sequence encoding the 
polypeptide. 

Stimulatory agents which include only portions of the proteins of the invention 
15 retain biological activity and, therefore, comprise domains which mediate biological 
activity. For example, portions of Ian gene family members that retain the GTP binding 
domain and the carboxyterminal domain necessary for mitochondrial membrane 
localization can be used in the design of heterologous nucleic acid or protein sequences 
for use as stimulatory agents. 
20 The invention further encompasses nucleic acid molecules that differ from the 

nucleotide sequences known in the art due to degeneracy of the genetic code and thus 
encode the same proteins as those encoded by the art-recognized sequence. In another 
embodiment, an isolated nucleic acid molecule of the invention has a nucleotide 
sequence encoding a protein having an amino acid sequence which differs by at least 1, 
25 but no greater than 5, 10, 20, 50 or 100 amino acid residues from an amino acid 

sequence encoding a polypeptide that modulates apoptosis as shown known in the art or 
as set forth herein. 

Nucleic acid variants can be naturally occurring, such as allelic variants (same 
locus), homologues (different locus), and orthologues (different organism) or can be non 
30 naturally occurring. Non-naturally occurring variants can be made by mutagenesis 

techniques, including those applied to polynucleotides, cells, or organisms. The variants 
can contain nucleotide substitutions, deletions, inversions and insertions. Variation can 
occur in either or both the coding and non-coding regions. The variations can produce 
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both conservative and non-conservative amino acid substitutions (as compared in the 
encoded product). Mutations can be introduced into a nucleotide sequence encoding a 
protein of the invention by standard techniques, such as site-directed mutagenesis or 
PCR-mediated mutagenesis. Preferably, conservative amino acid substitutions are made 
5 at one or more predicted non-essential amino acid residues. A "conservative amino acid 
substitution" is one in which the amino acid residue is replaced with an amino acid 
residue having a similar side chain. Families of amino acid residues having similar side 
chains have been defined in the art. 

Preferably, an isolated nucleic acid molecule for use as a modulator (or a 

10 probe/primer) hybridizes under stringent conditions to a nucleotide sequence encoding a 
protein of the invention. In one embodiment, such a sequence corresponds to a 
naturally-occurring nucleic acid molecule. As used herein, a "naturaUy-occurring" 
nucleic acid molecule refers to an RNA or DNA molecule having a nucleotide sequence 
that occurs in nature (e.g., encodes a natural protein). 

15 As used herein, the term "hybridizes under stringent conditions" is intended to 

describe conditions for hybridization and washing under which nucleotide sequences 
that are significantly identical or homologous to each other remain hybridized to each 
other. Preferably, the conditions are such that sequences at least about 70%, more 
preferably at least about 80%, even more preferably at least about 85% or 90% identical 

20 to each other remain hybridized to each other. Such stringent conditions are known to 
those skilled in the art and can be found in Current Protocols in Molecular Biology, 
Ausubel et aL 9 eds., John Wiley & Sons, Inc. (1995), sections 2, 4, and 6. Additional 
stringent conditions can be found, e.g., in Molecular Cloning: A Laboratory Manual, 
Sambrook et al, Cold Spring Harbor Press, Cold Spring Harbor, NY (1989), chapters 7, 

25 9, and 11. A preferred, non-limiting example of stringent hybridization conditions 

includes hybridization in 4X sodium chloride/sodium citrate (SSC), at about 65-70°C (or 
alternatively hybridization in 4X SSC plus 50% formamide at about 42-50°C) followed 
by one or more washes in IX SSC, at about 65-70°C. A preferred, non-limiting example 
of highly stringent hybridization conditions includes hybridization in IX SSC, at about 

30 65-70°C (or alternatively hybridization in IX SSC plus 50% formamide at about 42-50° 
C) followed by one or more washes in 0.3X SSC, at about 65-70°C. A preferred, non- 
limiting example of reduced stringency hybridization conditions includes hybridization 
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in 4X SSC, at about 50-60°C (or alternatively hybridization in 6X SSC plus 50% 
formamide at about 40-45°C) followed by one or more washes in 2X SSC, at about 50- 
60°C. Ranges intermediate to the above-recited values, e.g., at 65-70°C or at 42-5 0°C 
are also intended to be encompassed by the present invention. SSPE (lxSSPEis 0.15M 
5 NaCl, lOmM NaH 2 P0 4 , and 1 .25mM EDTA, pH 7.4) can be substituted for SSC (IX 
SSC is 0. 1 5M NaCl and 1 5mM sodium citrate) in the hybridization and wash buffers; 
washes are performed for 15 minutes each after hybridization is complete. The 
hybridization temperature for hybrids anticipated to be less than 50 base pairs in length 
should be 5-1 0°C less than the melting temperature (T m ) of the hybrid, where T m is 

10 determined according to the following equations. For hybrids less than 1 8 base pairs in 
length, T m (°C) = 2(# of A + T bases) + 4(# of G + C bases). For hybrids between 18 and 
49 base pairs in length, T m (°C) = 81.5 + 16.6(logi 0 [Na + ]) + 0.41(%G+C) - (600/N), 
where N is the number of bases in the hybrid, and [Na + ] is the concentration of sodium 
ions in the hybridization buffer ([Na 4 ] for IX SSC = 0.165 M). It will also be 

1 5 recognized by the skilled practitioner that additional reagents may be added to 

hybridization and/or wash buffers to decrease non-specific hybridization of nucleic acid 
molecules to membranes, for example, nitrocellulose or nylon membranes, including but 
not limited to blocking agents (e.g., BSA or salmon or herring sperm carrier DNA), 
detergents (e.g., SDS), chelating agents {e.g., EDTA), Ficoll, PVP and the like. When 

20 using nylon membranes, in particular, an additional preferred, non-limiting example of 
stringent hybridization conditions is hybridization in 0.25-0.5M NaH 2 P0 4 , 7% SDS at 
about 65°C, followed by one or more washes at 0.02M NaH 2 P0 4 , 1% SDS at 65°C (see 
e.g., Church and Gilbert (1984) Proc. Natl Acad. Sci. USA 81:1991-1995), or 
alternatively 0.2X SSC, 1% SDS. 

25 In a preferred embodiment, a variant protein of the invention can be assayed 

using techniques known in the art or described herein to verify that it retains its biologic 
activity, e.g., the ability to modulate apoptosis, the ability to modulate mitochondrial 
integrity, the ability to modulate mitochondrial inner membrane potential, or the ability 
to modulate expression or activity of other members of the apoptotic pathway. 

30 hi one embodiment, following isolation or amplification of a cDNA, the DNA 

fragment is introduced into an expression vector. As used herein, the term "vector" 
refers to a nucleic acid molecule capable of transporting another nucleic acid to which it 
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has been linked. One type of vector is a "plasmid", which refers to a circular double 
stranded DNA loop into which additional DNA segments may be ligated. Another type 
of vector is a viral vector, wherein additional DNA segments may be ligated into the 
viral genome. Certain vectors are capable of autonomous replication in a host cell into 
5 which they are introduced (e.g., bacterial vectors having a bacterial origin of replication 
and episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian 
vectors) are integrated into the genome of a host cell upon introduction into the host cell, 
and thereby are replicated along with the host genome. Moreover, certain vectors are 
capable of directing the expression of genes to which they are operatively linked. Such 

10 vectors are referred to herein as "recombinant expression vectors" or simply "expression 
vectors". In general, expression vectors of utility in recombinant DNA techniques are 
often in the form of plasmids. In the present specification, "plasmid" and "vector" may 
be used interchangeably as the plasmid is the most commonly used form of vector. 
However, the invention is intended to include such other forms of expression vectors, 

15 such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid 
molecule in a form suitable for expression of the nucleic acid molecule in a host cell, 
which means that the recombinant expression vectors include one or more regulatory 

20 sequences, selected on the basis of the host cells to be used for expression and the level 
of expression desired, which is operatively linked to the nucleic acid sequence to be 

expressed. Within a recombinant expression vector, "operably linked" is intended to 

mean that the nucleotide sequence of interest is linked to the regulatory sequence(s) in a 
manner which allows for expression of the nucleotide sequence (e.g. , in an in vitro 

25 transcription/translation system or in a host cell when the vector is introduced into the 
host cell). The term "regulatory sequence" is intended to include promoters, enhancers 
and other expression control elements (e.g., polyadenylation signals). Such regulatory 
sequences are described, for example, in Goeddel. 1990; Gene Expression Technology: 
Methods in Enzy?nology 185, Academic Press, San Diego, CA and Kaufinan, R. 2000 

30 Mol Biotechnol 16:151 -60. Regulatory sequences include those which direct 

constitutive expression of a nucleotide sequence in many types of host cell, those which 
direct expression of the nucleotide sequence only in certain host cells (e.g., tissue- 
specific regulatory sequences) or those which direct expression of the nucleotide 
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sequence only under certain conditions (e.g. , inducible regulatory sequences). 

It will be appreciated by those skilled in the art that the design of the expression 
vector may depend on such factors as the choice of the host cell to be transformed, the 
level of expression of protein desired, etc. When used in mammalian cells, the 
5 expression vector's control functions are often provided by viral regulatory elements. 
For example, commonly used promoters are derived from polyoma virus, adenovirus, 
cytomegalovirus and Simian Virus 40. Non-limiting examples of mammalian 
expression vectors include pCDM8 (Seed, B., (1987) Nature 329:840) and pMT2PC 
(Kaufinan et al (1987), EMBO J. 6: 187-195). A variety of mammalian expression 

10 vectors carrying different regulatory sequences are commercially available. For 
constitutive expression of the nucleic acid in a mammalian host cell, a preferred 
regulatory element is the cytomegalovirus promoter/enhancer. Moreover, inducible 
regulatory systems for use in mammalian cells are known in the art, for example systems 
in which gene expression is regulated by heavy metal ions (see e.g-., Mayo et al (1982) 

15 Cell 29:99-108; Brinster et al (1982) Nature 296:39-42; Searle et al. (1985) Mol Cell 
Biol 5:1480-1489), heat shock (see e.g., Nouer et al (1991) in Heat Shock Response, 
e.d. Nouer, L. , CRC, Boca Raton , FL, ppl67-220), hormones (see e.g., Lee et al (1981) 
Nature 294:228-232; Hynes et al (1981) Proa Natl Acad. Sci. USA 78:2038-2042; 
Klock et al (1987) Nature 329:734-736; Israel & Kaufinan (1989) Nucl. Acids Res. 

20 17:2589-2604; and PCT Publication No. WO 93/2343 1), FK506-related molecules (see 
e.g., PCT Publication No. WO 94/18317) or tetracyclines (Gossen, M. and Bujard, H. 
(1992) Proc. Natl. Acad. Sci USA 89:5547-5551; Gossen, M. et al (1995) Science 
268:1766-1769; PCT Publication No. WO 94/29442; and PCT Publication No. WO 
96/01313). Still further, many tissue-specific regulatory sequences are known in the art, 

25 including the albumin promoter (liver-specific; Pinkert et al (1987) Genes Dev. 1:268- 
277), lymphoid-specific promoters (Calame and Eaton (1988) Adv. Immunol 43:235- 
275), in particular promoters of T cell receptors (Winoto and Baltimore (1989) EMBO J. 
8:729-733) and immunoglobulins (Banerji et al (1983) Cell 33:729-740; Queen and 
Baltimore (1983) Cell 33:741-748), neuron-specific promoters (e.g., the neurofilament 

30 promoter; Byrne and Ruddle (1989) Proc. Natl Acad. Sci. USA 86:5473-5477), 

pancreas-specific promoters (Edlund et al (1985) Science 230:912-916) and mammary 
gland-specific promoters (e.g., milk whey promoter; U.S. Patent No. 4,873,316 and 
European Application Publication No. 264,166). Developmentally-regulated promoters 
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are also encompassed, for example the murine hox promoters (Kessel and Gruss (1990) 
Science 249:374-379) and the a-fetoprotein promoter (Campes and Tilghman (1989) 
Genes Dev. 3:537-546). 

Vector DNA can be introduced into mammalian cells via conventional 
5 transfection techniques. As used herein, the various forms of the term "transfection" are 
intended to refer to a variety of art-recognized techniques for introducing foreign nucleic 
acid (e.g., DNA) into mammalian host cells, including calcium phosphate co- 
precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transfecting host cells can be found, e.g., in Sambrook et al 

1 0 (Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor 
Laboratory press (1989)), and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In order to identify and select these 

15 integrants, a gene that encodes a selectable marker (eg., resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
selectable markers include those which confer resistance to drugs, such as G418, 
hygromycin and methotrexate. Nucleic acid encoding a selectable marker may be 
introduced into a host cell on a separate vector from that encoding an Ian4 protein or, 

20 more preferably, on the same vector. Cells stably transfected with the introduced nucleic 
acid can be identified by drug selection (e.g., cells that have incorporated the selectable 
marker gene will survive, while the other cells die). 

Another form of a stimulatory agent for stimulating expression or activity of a 
functional protein of the invention in a cell is a chemical compound that stimulates the 

25 expression or activity of an endogenous transcription factor that regulates expression of 
the functional gene in the cell. Such compounds can be identified using screening 
assays, e.g., that select for compounds that stimulate the expression of a protein of the 
invention or a reporter gene operably linked to the a promoter. Examples of suitable 
screening assays are described in further detail below. 

30 B. Inhibitory Agents 

According to the method of the invention, to inhibit expression and/or activity of 
one or more of the proteins of the invention, the cell is contacted with an inhibitory agent 
that inhibits expression and/or activity of one or more of the proteins. 
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In one embodiment, the expression and/or anti-apoptotic activity of a functional 
Ian gene or protein is inhibited in a cell that overexpresses it at inappropriate levels, in 
order to increase apoptosis. 

In a more specific embodiment, agents that inhibit expression and/or activity of 
5 Ian4 can be used to enhance or increase apoptosis in a cell. 

In another embodiment, the expression and/or activity of a non-functional Ian 
gene or protein (e.g. one containing a frameshifl mutation) is inhibited in lymphoid cells, 
in order to decrease apoptosis. 

In a more specific embodiment, the expression and/or activity of a non-functional 
10 Ian4 gene or protein (e.g. one containing a frameshift mutation) is inhibited in lymphoid 
cells, in order to decrease apoptosis. 

In one embodiment, agents that inhibit expression and/or activity of one or more 
of leucine rich protein of 130kD, hsp60, GRP78 or GRP94 can be used to reduce or 
inhibit apoptosis. 

15 In a more specific embodiment, the expression and/or proapoptotic activity of 

functional leucine rich protein of 130 kD, GRP94, GRP78, or hsp60, is inhibited in a cell 
that overexpresses one or more of these molecules at inappropriate levels, in order to 
decrease apoptosis. In another embodiment, the expression and/or activity of a non- 
functional form of one of these molecules is inhibited in cells, in order to increase 

20 apoptosis. 

In another embodiment, agents that inhibit expression, post-translational 
processing into the active form and/or activity of caspase 8 can be used to prevent * 
receptor-independent apoptosis 

In a more specific embodiment, the pro-apoptotic activity of caspase 8 is 
25 inhibited in a cell that overexpresses the functional molecule at inappropriate levels, in 
order to decrease receptor-independent apoptosis. In another specific embodiment, the 
proapoptotic activity of non-functional caspase 8 is inhibited in cells, in order to increase 
receptor-independent apoptosis. 

Inhibitory agents of the invention can be, for example, intracellular binding 
30 molecules that act to inhibit the expression or activity of a polypeptide. As used herein, 
the term "intracellular binding molecule" is intended to include molecules that act 
intracellularly to inhibit the expression or activity of a protein by binding to the protein 
or to a nucleic acid (e.g., an mRNA molecule) that encodes the protein. Examples of 



WO 2005/001052 



PCT/US2004/018142 



intracellular binding molecules, described in further detail below, include antisense 
nucleic acid molecules, siRNA, intracellular antibodies, and dominant negative 
inhibitors, e.g., deletion mutants, 

i) Antisense nucleic acid molecules: 
5 In one embodiment, an inhibitory agent of the invention is an antisense nucleic 

acid molecule that is complementary to a gene encoding a protein of the invention. The 
use of antisense nucleic acid molecules to downregulate the expression of a particular 
protein in a cell is well known in the art (see e.g. , Weintraub, H. et al, Antisense RNA 
as a molecular tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986; 

10 Askari, F.K. and McDonnell, W.M. (1996) N. Eng. J. Med. 334:316-318; Bennett, M.R. 
and Schwartz, S.M. (1995) Circulation 92:1981-1993; Mercola, D. and Cohen, J.S. 
(1995) Cancer Gene Ther. 2:47-59; Rossi, J. J. (1995) Br. Med. Bull. 51:217-225; 
Wagner, R.W. (1994) Nature 372:333-335). An antisense nucleic acid molecule 
comprises a nucleotide sequence that is complementary to the coding strand of another 

15 nucleic acid molecule {e.g., an mRNA sequence) and accordingly is capable of hydrogen 
bonding to the coding strand of the other nucleic acid molecule. Antisense sequences 
complementary to a sequence of an mRNA can be complementary to a sequence found 
in the coding region of the mRNA, the 5 1 or 3 1 untranslated region of the mRNA or a 
region bridging the coding region and an untranslated region {e.g., at the junction of the 

20 5 f untranslated region and the coding region). Furthermore, an antisense nucleic acid can 
be complementary in sequence to a regulatory region of the gene encoding the mRNA, 
for instance a transcription initiation sequence or regulatory element. Preferably, an 
antisense nucleic acid is designed so as to be complementary to a region preceding or 
spanning the initiation codon on the coding strand or in the 3* untranslated region of an 

25 mRNA. An antisense nucleic acid for inhibiting in a cell the expression of a protein of 
the invention can be designed based upon the nucleotide sequence, as disclosed herein or 
known in the art, constructed according to the rules of Watson and Crick base pairing. 

An antisense nucleic acid can exist in a variety of different forms. For example, 
the antisense nucleic acid can be an oligonucleotide that is complementary to only a 

30 portion of a gene. An antisense oligonucleotide can be constructed using chemical 

synthesis procedures known in the art. An antisense oligonucleotide can be chemically 
synthesized using naturally occurring nucleotides or variously modified nucleotides 
designed to increase the biological stability of the molecules or to increase the physical 
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stability of the duplex formed between the antisense and sense nucleic acids, e.g. 
phosphorothioate derivatives and acridine substituted nucleotides can be used. To 
inhibit expression in cells in culture, one or more antisense oligonucleotides can be 
added to cells in culture media, typically at 200 \ig oligonucleotide/ml. 
5 Alternatively, an antisense nucleic acid molecule can be produced biologically 

using an expression vector into which a nucleic acid has been subcloned in an antisense 
orientation (i.e., nucleic acid transcribed from the inserted nucleic acid will be of an 
antisense orientation to a target nucleic acid of interest). Regulatory sequences 
operatively linked to a nucleic acid cloned in the antisense orientation can be chosen 

10 which direct the expression of the antisense RNA molecule in a cell of interest, for 

instance promoters and/or enhancers or other regulatory sequences can be chosen which 
direct constitutive, tissue specific or inducible expression of antisense RNA. The 
antisense expression vector can be in the form of a recombinant plasmid, phagemid, or 
attenuated virus in which antisense nucleic acids are produced under the control of a 

15 high efficiency regulatory region, the activity of which can be determined by the cell 
type into which the vector is introduced. For a discussion of the regulation of gene 
expression using antisense genes, see Weintraub, H. et al, Antisense. RNA as a 
molecular tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986. 

In another embodiment, an antisense nucleic acid for use as an inhibitory agent is 

20 a ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which 
are capable of cleaving a single-stranded nucleic acid, such as an mRNA, to which they 
have a complementary region (for reviews on ribozymes see e.g., Ohkawa, J. et al. 
(1995) J. Biochem. 118:251-258; Sigurdsson, S.T. and Eckstein, F. (1995) Trends 
Biotechnol 13:286-289; Rossi, JJ. (1995) Trends Biotechnol 13:301-306; Kiehntopf, 

25 M. et al (1995) J. Mol Med. 73:65-71). A ribozyme having specificity for mRNA 
encoding a polypeptide discussed herein can be designed based upon the nucleotide 
sequence encoding the polypeptide. For example, a derivative of a Tetrahymena L-19 
IVS RNA can be constructed in which the base sequence of the active site is 
complementary to the base sequence to be cleaved in an mRNA. See for example U.S. 

30 Patent Nos. 4,987,071 and 5,1 16,742, both by Ceche/ al Alternatively, Ian4 mRNA 
can be used to select a catalytic RNA having a specific ribonuclease activity from a pool 
of RNA molecules. See for example Bartel, D. and Szostak, J.W. (1993) Science 261 : 
1411-1418. 
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ii) siRNA: 

In another embodiment, an inhibitory agent of the invention is an siRNA 
molecule or other molecule that mediates RNAi (Scherr et al. 2003. Current Medicinal 
Chemistry 10:245). RNAi is a post-transcriptional, targeted gene-silencing technique 
5 that uses double-stranded RNA (dsRNA) to degrade messenger RNA (mRNA) 

containing the same sequence as the dsRNA (Sharp, P. A. and Zamore, P.D. 287, 2431- 
2432 (2000); Zamore, P.D., et al Cell 101, 25-33 (2000). Tuschl, T. et al Genes Dev. 
13, 3191-3197 (1999)). The process occurs when an endogenous ribonuclease cleaves 
the longer dsRNA into shorter, 2 1 - or 22-nucleotide-long RNAs, termed small 

1 0 interfering RNAs or siRNAs. The smaller RNA segments then mediate the degradation 
of the target mRNA. 

For example, as demonstrated in the instant examples, an siRNA molecule 
comprising a sequence which corresponds to the sense strand of Ian4 can be used to 
inhibit Ian4 expression. In order to select sites in RNA molecules encoding proteins of 

15 the invention that are optimal for targeting, methods known in the art involving 
incubation of cellular extracts with oligonucleotides and cleavage by endogenous 
cellular Rnase H can be used (Scherr and Rossi. 1998. Nucleic Acids Res. 26:5079; 
Scherr et al. 2001. Mol. Ther. 4:454). 

In one embodiment, the antisense RNA strand of RNAi can be antisense to at 

20 least a portion of the coding region of a protein of the invention or to at least a portion of 
the 5' or 3' untranslated region of the gene. In one embodiment, siRNA duplexes are 
composed of 21-nt sense and 21-nt antisense strands, paired in a manner to have a 2-nt 3 1 
overhang. In one embodiment, siRNA sequences with TT in the overhang. The target 
region can be, e.g., 50 to 100 nt downstream of the start codon, 3 -UTRs may also be 

25 targeted. In one embodiment, a 23-nt sequence motif AA(N1 9)TT (N, any nucleotide) 
can be searched for and hits with between about 30-70% G/C-content can be selected. If 
no suitable sequences are found, the search is extended using the motif NA(N21). 
SiRNAs are preferably chemically synthesized using appropriately protected 
ribonucleoside phosphoramidites and a conventional DNA/RNA synthesizer. SiRNAs 

30 are also available commercially from, e.g., Dharmacon, Xeragon Inc, Proligo, and 

Ambion. In one embodiment one or more of the chemistries described above for use in 
antisense RNA can be employed. 

In one embodiment, chemically or in vitro enzymatically synthesized siRNAs are 
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delivered to target cells by transfection methods. In another embodiment, siRNAs can 
be expressed from expression cassettes using techniques that are known in the art. 
iii) Antibodies: 

Another type of inhibitory agent that can be used to inhibit the expression and/or 
5 activity of a protein in a cell is an antibody, e.g. , an intracellular antibody, specific for a 
protein of the invention. The use of intracellular antibodies to inhibit protein function in a 
cell is known in the art (see e.g. y Carlson, J. R. (1988) Mol. Cell Biol 8:2638-2646; 
Biocca, S. et al (1990) EMBOJ. 9:101-108; Werge, T.M. et al (1990) FEES Letters 
274:193-198; Carlson, J.R. (1993) Proc. Natl Acad. Set USA 90:7427-7428; Marasco, 

10 W.A. et al (1993) Proc. Natl Acad. Sci. USA 90:7889-7893; Biocca, S. et al (1994) 
Bio/Technology 12:396-399; Chen, S-Y. etal (1994) Human Gene Therapy 5:595-601; 
Duan, L et al (1994) Proa Natl Acad. Sci. USA 91:5075-5079; Chen, S-Y. et al (1994) 
Proc. Natl. Acad. Set USA 91:5932-5936; Beerli, R.R. et al (1994) J. Biol Chem. 
269:23931-23936; Beerli, R.R. et al (1994) Biochem. Biophys. Res. Commun. 204:666- 

15 672; Mhashilkar, A.M. et al (1995) EMBO J. 14:1542-1551; Richardson, J.H. et al (1995) 
Proc. Natl Acad. Sci. USA 92:3137-3141; PCT Publication No. WO 94/02610 by Marasco 
et al; and PCT Publication No. WO 95/03832 by Duan et al). 

To inhibit protein activity using an intracellular antibody, a recombinant expression 
vector is prepared which encodes the antibody chains in a form such that, upon introduction 

20 of the vector into a cell, the antibody chains are expressed as a functional antibody in an 
intracellular compartment of the cell. 

To prepare an intracellular antibody expression vector, antibody light and heavy - 
chain cDNAs encoding antibody chains specific for the target protein of interest, e.g. 9 an 
Ian protein or other protein involved in apoptosis discussed herein, are isolated, typically 

25 from a hybridoma that secretes a monoclonal antibody specific for the protein. Antisera 
against a protein of the invention can be made as described herein or using techniques 
that are standard in the art. Antibodies can be prepared by immunizing a suitable 
subject, (e.g., rabbit, goat, mouse or other mammal) with a protein immunogen. An 
appropriate immunogenic preparation can contain, for examples, recombinantly 

30 expressed protein or a chemically synthesized peptide. The preparation can further 
include an adjuvant, such as Freund's complete or incomplete adjuvant, or similar 
immunostimulatory agent. Antibody-producing cells can be obtained from the subject 
and used to prepare monoclonal antibodies by standard techniques, such as the 
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hybridoma technique originally described by Kohler and Milstein (1975, Nature 
256:495-497) (see also, Brown et al (1981) J. Immunol 127:539-46; Brown et al 
(1980) J Biol Chem 255:4980-83; Yeh et al (1976) PNAS 76:2927-31; and Yeh et al 
(1982) Int. J. Cancer 29:269-75). The technology for producing monoclonal antibody 
5 hybridomas is well known (see generally R. H. Kenneth, in Monoclonal Antibodies: A 
New Dimension In Biological Analyses, Plenum Publishing Corp., New York, New York 
(1980); B. A. Lerner (1981) Yale J. Biol Med, 54:387-402; M. L. Gefter et al (1977) 
Somatic Cell Genet, 3:231-36). Briefly, an immortal cell line (typically a myeloma) is 
fused to lymphocytes (typically splenocytes) from a mammal immunized with a protein 

1 0 immunogen as described above, and the culture supernatants of the resulting hybridoma 
cells are screened to identify a hybridoma producing a monoclonal antibody that binds 
specifically to the protein. Any of the many well known protocols used for fusing 
lymphocytes and immortalized cell lines can be applied for the purpose of generating a 
monoclonal antibody (see, e.g., G. Galfre et al (1977) Nature 266:550-52; Gefter et al 

15 Somatic Cell Genet., cited supra; Lerner, Yale J. Biol. Med, cited supra; Kenneth, 
Monoclonal Antibodies, cited supra). Moreover, the ordinary skilled worker will 
appreciate that there are many variations of such methods which also would be useful. 
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same 
mammalian species as the lymphocytes. For example, murine hybridomas can be made 

20 by fusing lymphocytes from a mouse immunized with an immunogenic preparation of 
the present invention with an immortalized mouse cell line. Preferred immortal cell 

lines are mouse myeloma cell lines that are sensitive to culture medium containing 

hypoxanthine, aminopterin and thymidine ("HAT medium"). Any of a number of 
myeloma cell lines may be used as a fusion partner according to standard techniques, 

25 e.g., the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These 
myeloma lines are available from the American Type Culture Collection (ATCC), 
Rockville, Md. Typically, HAT-sensitive mouse myeloma cells are fused to mouse 
splenocytes using polyethylene glycol ("PEG"). Hybridoma cells resulting from the 
fusion are then selected using HAT medium, which kills unfused and unproductively 

30 fused myeloma cells (unfused splenocytes die after several days because they are not 
transformed). Hybridoma cells producing a monoclonal antibody that specifically binds 
the protein of the invention are identified by screening the hybridoma culture 
supernatants for such antibodies, e.g, using a standard ELISA assay. 
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As an alternative to preparing monoclonal antibody-secreting hybridomas, a 
monoclonal antibody that binds to a protein of the invention can be identified and 
isolated by screening a recombinant combinatorial immunoglobulin library {e.g., an 
antibody phage display library) with the protein, or a peptide thereof, to thereby isolate 
5 immunoglobulin library members that bind specifically to the protein. Kits for 

generating and screening phage display libraries are commercially available (e.g., the 
Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-01; and the 
Stratagene SurfZAP™ Phage Display foY, Catalog No. 240612). Additionally, 
examples of methods and reagents particularly amenable for use in generating and 

10 screening antibody display library can be found in, for example, Ladner et al U.S. Patent 
No. 5,223,409; Kang et al. International Publication No. WO 92/18619; Dower et al 
International Publication No. WO 91/17271; Winter et al. International Publication WO 
92/20791; Markland et al International Publication No. WO 92/15679; Breitling et al. 
International Publication WO 93/01288; McCafferty et al International Publication No. 

15 WO 92/01047; Garrard et al International Publication No. WO 92/09690; Fuchs et al 
(1991) Bio/Technology 9:1370-1372; Hay et al (1992) Hum Antibod Hybridomas 3:81- 
85; Huse et al (1989) Science 246:1275-1281; Griffiths et al (1993) EMBO J 12:725- 
734;Hawkins et al (1992) JMolBiol 226:889-896; C\z±sonetal(\99\) Nature 
352:624-628; Gram et al (1992) PNAS 89:3576-3580; Garrad et al. (1991) 

20 Bio/Technology 9:1373-1377; Hoogenboom et al (1991) Nuc Acid Res 19:4133-4137; 
Barbas et al. (1991) PNAS 88:7978-7982; and McCafferty et al Nature (1990) 348:552- 
554. 

Once a monoclonal antibody has been identified (e.g., either a hybridoma-derived 
monoclonal antibody or a recombinant antibody from a combinatorial library), DNAs 

25 encoding the light and heavy chains of the monoclonal antibody are isolated by standard 
molecular biology techniques. For hybridoma derived antibodies, light and heavy chain 
cDNAs can be obtained, for example, by PCR amplification or cDNA library screening. 
For recombinant antibodies, such as from a phage display library, cDNA encoding the 
light and heavy chains can be recovered from the display package (e.g., phage) isolated 

30 during the library screening process. Nucleotide sequences of antibody light and heavy 
chain genes from which PCR primers or cDNA library probes can be prepared are 
known in the art. For example, many such sequences are disclosed in Kabat, E.A., et al 
(1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department 
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of Health and Human Services, NIH Publication No. 9 1 -3242 and in the " Vbase" human 
germline sequence database. 

In another embodiment, fully human antibodies can be made using techniques 
that are known in the art. For example, fully human antibodies against a specific antigen 
5 can be prepared by administering the antigen to a transgenic animal which has been 
modified to produce such antibodies in response to antigenic challenge, but whose 
endogenous loci have been disabled. Exemplary techniques that can be used to make 
antibodies are described in US patents: 6,150,584; 6,458,592; 6,420,140. Other 
techniques are known in the art. 

10 Once obtained, the antibody light and heavy chain sequences are cloned into a 

recombinant expression vector using standard methods. The expression vector can 
encode an intracellular antibody in one of several different forms. For example, in one 
embodiment, the vector encodes full-length antibody light and heavy chains such that a 
full-length antibody is expressed intracellularly. In another embodiment, the vector 

15 encodes a full-length light chain but only the VH/CH1 region of the heavy chain such 
that a Fab fragment is expressed intracellularly. In the most preferred embodiment, the 
vector encodes a single chain antibody (scFv) wherein the variable regions of the light 
and heavy chains are linked by a flexible peptide linker (e.g., (Gly4Ser)3) and expressed 
as a single chain molecule. To inhibit protein activity in a cell, the expression vector 

20 encoding the intracellular antibody is introduced into the cell by standard transfection 
methods, as discussed hereinbefore. 

iv) Dominant negative inhibitors: 

In another embodiment, an inhibitory agent of the invention can be a form of a 
protein that lacks the ability, to modulate apoptosis. An exemplary dominant negative 

25 form of an a protein is an Ian 4 protein lacking at least the 20 carboxyterminal amino 
acids. The carboxyterminal 20 amino acids of Ian4 are necessary for localization of the 
protein in the outer membrane of mitochondria. Such dominant negative Ian4 proteins 
can be expressed in cells using a recombinant expression vector, which is introduced 
into the cell by standard transfection methods. Figure 5 shows an alignment of rat Ian4 

30 (GenBank AAL17698 gi:21591786) and human Ian4. In another embodiment, a 
dominant negative Ian4 protein can include a mutation in the sequence of a GTPase 
domain (e.g., one or more of the GTPase domains 1-5 shown in Figure 5) that leads to 
reduced GTP binding and/or hydrolysis. For example, in one embodiment, a Ser in the 
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G-l GTPase domain of Ian4 is mutated to an Asn (Niemann et al. 2001 EMBO 
20:5813). 

In another embodiment, the activity of caspase 8 can be inhibited, using a known 
caspase 8 inhibitor, to modulate receptor-independent apoptosis. 
5 v) Chemical compounds: 

Yet another type of inhibitory agent that can be used to inhibit the expression 
and/or activity of a protein of the invention in a cell is chemical compound that inhibits 
the expression or activity of an endogenous protein in the cell. Such compounds can be 
identified using screening assays that select for compounds such as small molecules or 

1 0 peptides that inhibit the expression or activity of a protein. Examples of suitable 
screening assays are described in further detail below. 

The methods of the invention for modulating expression or activity of a 
protein of the invention in a cell can be practiced either in vitro or in vivo (the latter is 
discussed further in the following subsection). For practicing the method in vitro, cells 

15 can be obtained from a subject by standard methods and incubated (/.e, cultured) in vitro 
with a stimulatory or inhibitory agent of the invention to inhibit or stimulate, 
respectively, apoptosis. For example, peripheral blood mononuclear cells (PBMCs) can 
be obtained from a subject and isolated by density gradient centrifiigation, e.g., with 
Ficoll/Hypaque. Specific cell populations can be depleted or enriched using standard 

20 methods. For example, monocytes/macrophages can be isolated by adherence on plastic. 
T cells or B cells can be enriched or depleted, for example, by positive and/or negative 
selection using antibodies to T cell or B cell surface markers, for example by incubating - 
cells with a specific primary monoclonal antibody (mAb), followed by isolation of cells 
that bind the mAb using magnetic beads coated with a secondary antibody that binds the 

25 primary mAb. Peripheral blood or bone marrow derived hematopoietic stem cells can be 
isolated by similar techniques using stem cell-specific mAbs (e,g. y anti-CD34 mAbs). 
Specific cell populations can also be isolated by fluorescence activated cell sorting 
(FACS) according to standard methods. Monoclonal antibodies to cell-specific surface 
markers known in the art and many are commercially available. In an exemplary 

30 embodiment, T cells can be removed from a subject, treated with one or more 

stimulatory or inhibitory agents ex vivo to modulate apoptosis, and then returned to the 
subject. 
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HI. Methods for Modulating Expression or Activity of a Protein of the Invention in a 
Subject 

Another aspect of the invention pertains to in vivo methods for modulating 
apoptosis in a subject (e.g., in vivo methods). The term "subject" is intended to include 
5 living organisms in which an immune response can be elicited. Preferred subjects are 
mammals. Examples of subjects include humans, monkeys, dogs, cats, mice, rats, cows, 
horses, goats and sheep. As discussed above, one way to modulate apoptosis in a subject 
is to treat cells (e.g., T cells) ex vivo with one or more modulatory agents of the 
invention, such that apoptosis of the cells is modulated, followed by administration of 

10 the cells to the subject. In another embodiment, apoptosis is modulated in a subject by 
administering to the subject one or more of the modulatory agents of the invention. 

For stimulatory or inhibitory agents that comprise nucleic acid molecules 
(including recombinant expression vectors, antisense RNA, siRNA, intracellular 
antibodies or dominant negative inhibitors), the agents can be introduced into cells of the 

1 5 subject using methods known in the art for introducing nucleic acid (e.g. , DNA) into 
cells in vivo. Examples of such methods include: 

Direct Injection: Naked DNA can be introduced into cells in vivo by directly 
injecting the DNA into the cells (see e.g., Acsadi et al (1991) Nature 332:815-818; 
Wolff et al (1990) Science 247:1465-1468). For example, a delivery apparatus (e.g. 9 a 

20 "gene gun") for injecting DNA into cells in vivo can be used. Such an apparatus is 
commercially available (e.g., from BioRad). 

Receptor-Mediated DNA Uptake: Naked DNA can also be introduced into cells 
in vivo by complexing the DNA to a cation, such as polylysine, which is coupled to a 
ligand for a cell-surface receptor (see for example Wu, G. and Wu, C.H. (1988) J. Biol 

25 Chem. 263:14621; Wilson et al (1992) J. Biol. Chem. 267:963-967; and U.S. Patent No. 
5,166,320). Binding of the DNA-ligand complex to the receptor facilitates uptake of the 
DNA by receptor-mediated endocytosis. A DNA-ligand complex linked to adenovirus 
capsids which naturally disrupt endosomes, thereby releasing material into the cytoplasm 
can be used to avoid degradation of the complex by intracellular lysosomes (see for 

30 example Curiel et al (1991) Proc. Natl Acad. Set USA 88:8850; Cristiano et al (1993) 
Proc. Natl Acad. ScL USA 90:2122-2126). 

Retroviruses: Defective retroviruses are well characterized for use in gene 
transfer for gene therapy purposes (for a review see Miller, A.D. (1990) Blood 76:271). 
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A recombinant retrovirus can be constructed having a nucleotide sequences of interest 
incorporated into the retroviral genome. Additionally, portions of the retroviral genome 
can be removed to render the retrovirus replication defective. The replication defective 
retrovirus is then packaged into virions which can be used to infect a target cell through 
5 the use of a helper virus by standard techniques. Protocols for producing recombinant 
retroviruses and for infecting cells in vitro or in vivo with such viruses can be found in 
Current Protocols in Molecular Biology, Ausubel, F.M. et ah (eds.) Greene Publishing 
Associates, (1989), Sections 9.10-9.14 and other standard laboratory manuals. Examples 
of suitable retroviruses include pU, pZJP, p WE and pEM which are well known to those 

10 skilled in the art. Examples of suitable packaging virus lines include \|/Crip, \|/Cre, \|/2 
and \|/Am. Retroviruses have been used to introduce a variety of genes into many 
different cell types, including epithelial cells, endothelial cells, lymphocytes, myoblasts, 
hepatocytes, bone marrow cells, in vitro and/or in vivo (see for example Eglitis, et ah 
(1985) Science 230:1395-1398; Danos and Mulligan (1988) Proc. Nath Acad. Set USA 

15 85:6460-6464; Wilson et ah (1988) Proc. Nath Acad Set USA 85:3014-3018; 

Armentano et ah (1990) Proc. Nath Acad. Sch USA 87:6141-6145; Huber et ah (1991) 
Proc. Nath Acad. Sci. USA 88:8039-8043; Ferry et ah (1991) Proc. Nath Acad. Set USA 
88:8377-8381; Chowdhury et ah (1991) Science 254:1802-1805; van Beusechem et ah 
(1992) Proc. Natl. Acad. Sci. USA 89:7640-7644; Kay et ah (1992) Human Gene 

20 Therapy 3:641-647; Dai et ah (1992) Proc. Nath Acad Sci. USA 89:10892-10895; Hwu 
et ah (1993) Immunol. 150:4104-41 15; U.S. Patent No. 4,868,1 16; U.S. Patent No. 
4,980,286; PCT Application WO 89/07136; PCT Application WO 89/02468; PCT - 
Application WO 89/05345; and PCT Application WO 92/07573). Retroviral vectors 
require target cell division in order for the retroviral genome (and foreign nucleic acid 

25 inserted into it) to be integrated into the host genome to stably introduce nucleic acid 
into the cell. Thus, it may be necessary to stimulate replication of the target cell. 

Adenoviruses: The genome of an adenovirus can be manipulated such that it 
encodes and expresses a gene product of interest but is inactivated in terms of its ability 
to replicate in a noimal lytic viral life cycle. See for example Berkner et ah (1988) 

30 BioTechniques 6:616; Rosenfeld et ah (1 991) Science 252:43 1-434; and Rosenfeld et ah 
(1992) Cell 68: 143-155. Suitable adenoviral vectors derived from the adenovirus strain 
Ad type 5 dl324 or other strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are well known 
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to those skilled in the art. Recombinant adenoviruses are advantageous in that they do 
not require dividing cells to be effective gene delivery vehicles and can be used to infect 
a wide variety of cell types, including airway epithelium (Rosenfeld et al (1992) cited 
supra), endothelial cells (Lemarchand et al (1992) Proc. Natl Acad. Set USA 89:6482- 
5 6486), hepatocytes (Herz and Gerard (1993) Proc. Natl Acad. Sci. USA 90:2812-2816) 
and muscle cells (Quantin et al (1992) Proc. Natl Acad. Sci. USA 89:2581-2584). 
Additionally, introduced adenoviral DNA (and foreign DNA contained therein) is not 
integrated into the genome of a host cell but remains episomal, thereby avoiding 
potential problems that can occur as a result of insertional mutagenesis in situations 

1 0 where introduced DNA becomes integrated into the host genome {e.g. , retroviral DNA). 
Moreover, the carrying capacity of the adenoviral genome for foreign DNA is large (up 
to 8 kilobases) relative to other gene delivery vectors (Berkner et al cited supra; Haj- 
Ahmand and Graham (1986)/. Virol 57:267). Most replication-defective adenoviral 
vectors currently in use are deleted for all or parts of the viral El and E3 genes but retain 

15 as much as 80 % of the adenoviral genetic material. 

Adeno-Associated Viruses: Adeno-associated virus (AAV) is a naturally 
occurring defective virus that requires another virus, such as an adenovirus or a heipes 
virus, as a helper virus for efficient replication and a productive life cycle. (For a review 
see Muzyczka et al. Curr. Topics in Micro, and Immunol (1992) 158 :97-129). It is also 

20 one of the few viruses that may integrate its DNA into non-dividing cells, and exhibits a 
high frequency of stable integration (see for example Flotte et al (1992) Am. J. Respir. 
Cell. Mol. Biol 7:349-356; Samulski etal (1989)/. Virol 63:3822-3828; and 
McLaughlin et al (1989) /. Virol 62:1963-1973). Vectors containing as little as 300 
base pairs of AAV can be packaged and can integrate. Space for exogenous DNA is 

25 limited to about 4.5 kb. An AAV vector such as that described in Tratschin et al (1 985) 
Mol Cell Biol. 5:3251-3260 can be used to introduce DNA into cells. A variety of 
nucleic acids have been introduced into different cell types using AAV vectors (see for 
example Hermonat et al (1984) Proc. Natl. Acad. Sci. USA 81 :6466-6470; Tratschin et 
al (1985) Mol Cell Biol 4:2072-2081; Wondisford et al (1988) Mol Endocrinol 

30 2:32-39; Tratschin et al (1984) /. Virol 51:61 1-619; and Flotte et al (1993) J. Biol. 
Chem. 268:3781-3790). 

The efficacy of a particular expression vector system and method of introducing 
nucleic acid into a cell can be assessed by standard approaches routinely used in the art. 
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For example, DNA introduced into a cell can be detected by a filter hybridization 
technique (e.g., Southern blotting) and RNA produced by transcription of introduced 
DNA can be detected, for example, by Northern blotting, RNase protection or reverse 
transcriptase-polymerase chain reaction (RT-PCR). The gene product can be detected by 
5 an appropriate assay, for example by immunological detection of a produced protein, 
such as with a specific antibody, or by a functional assay to detect a functional activity of 
the gene product, such as an enzymatic assay. 

A modulatory agent, such as a chemical compound that stimulates or inhibits 
endogenous polypeptide activity, can be administered to a subject as a pharmaceutical 

10 composition. Such compositions typically comprise the modulatory agent and a 
pharmaceutical^ acceptable carrier. As used herein the term "pharmaceutically 
acceptable carrier" is intended to include any and all solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, 
and the like, compatible with pharmaceutical administration. The use of such media and 

15 agents for pharmaceutical^ active substances is well known in the art. Except insofar as 
any conventional media or agent is incompatible with the active compound, use thereof 
in the compositions is contemplated. Supplementary active compounds can also be 
incorporated into the compositions. 

A pharmaceutical composition of the invention is formulated to be compatible 

20 with its intended route of administration. For example, solutions or suspensions used for 
parenteral, intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection, saline solution, fixed oils, ■-- 
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 

25 ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, 
such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 

30 plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the 
extemporaneous preparation of sterile injectable solutions or dispersion. For intravenous 
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administration, suitable carriers include physiological saline, bacteriostatic water, 
Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In all 
cases, the composition should be sterile and should be fluid to the extent that easy 
syringability exists. It must be stable under the conditions of manufacture and storage 
5 and must be preserved against the contaminating action of microorganisms such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 
can be maintained, for example, by the use of a coating such as lecithin, by the 

10 maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
i isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium 

15 chloride in the composition. Prolonged absorption of the injectable compositions can be 
brought about by including in the composition an agent which delays absorption, for 
example, aluminum monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound 
in the required amount in an appropriate solvent with one or a combination of 

20 ingredients enumerated above, as required, followed by filtered sterilization. Generally, 
dispersions are prepared by incorporating the active compound into a sterile vehicle 
which contains a basic dispersion medium and the required other ingredients from those 
enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, the preferred methods of preparation are vacuum drying and freeze-drying 

25 which yields a powder of the active ingredient plus any additional desired ingredient 
from a previously sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They 
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated with excipients and 

30 used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 
using a fluid earner for use as a mouthwash, wherein the compound in the fluid carrier is 
applied orally and swished and expectorated or swallowed. Pharmaceutical^ compatible 
binding agents, and/or adjuvant materials can be included as part of the composition. 
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The tablets, pills, capsules, troches and the like can contain any of the following 
ingredients, or compounds of a similar nature: a binder such as microcrystalline 
cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a 
disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as 
5 magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening 
agent such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl 
salicylate, or orange flavoring. 

In one embodiment, the modulatory compounds are prepared with carriers that 
will protect the compound against rapid elimination from the body, such as a controlled 

1 0 release formulation, including implants and microencapsulated delivery systems. 
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 
Methods for preparation of such formulations will be apparent to those skilled in the art. 
The materials can also be obtained commercially from Alza Corporation and Nova 

15 Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 
cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically 
acceptable carriers. These may be prepared according to methods known to those skilled 
in the art, for example, as described in U.S. Patent No. 4,522,8 1 1 . 

It is especially advantageous to formulate oral or parenteral compositions in 

20 dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete units suited as unitary dosages for the subject 
to be treated; each unit containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. The specification for the dosage unit forms of the invention are 

25 dictated by and directly dependent on (a) the unique characteristics of the active 

compound and the particular therapeutic effect to be achieved, and (b) the limitations 
inherent in the art of compounding such an active compound for the treatment of 
individuals. 

IV. Applications of the Methods of the Invention 
30 Identification of Ian4 as an anti-apoptotic factor that functions exclusively in 

mature T cells allows for manipulation of cell survival in a variety of clinical situations 
using the modulatory methods of the invention. In addition, the invention also identifies 
hsp60, leucine rich protein of 130kD, GRP78 and GRP94 as molecules which modulate 
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apoptosis. 

Accordingly, the invention provides for diagnostic methods in which expression 
and/or activity of one or more of the proteins of the invention is used as a marker of 
apoptosis. Expression of these molecules can be detected, e.g., at the nucleic acid level 
5 or at the protein level using techniques known in the art (e.g., northern blots, western 
blots, etc.) 

The methods of the invention that involve stimulation of the expression and/or 
anti-apoptotic activity functional Ian gene family members result in reduced apoptosis or 
enhanced cell survival. In addition, as set forth above, methods of the invention that 

1 0 involve inhibition of non-functional Ian gene family members, also result in reduced 
apoptosis. Methods of the invention that involve modulation of hsp60, leucine rich 
protein of 130kD, GRP78, or GRP94 result in modulation of apoptosis. Further, the 
methods of the invention that involve stimulation of caspase 8 expression, post- 
radiational modification, or activity result in increased receptor-independent apoptosis. 

15 In contrast, the methods of the invention that inhibit the expression and/or anti- 

apoptotic activity of functional Ian gene family members result in enhanced apoptosis. 
Agents that reduce or inhibit the expression, post-translational processing, or activity of 
caspase 8 lead to a decrease in receptor-independent apoptosis. Thus, to treat a disease 
condition where reduced apoptosis is beneficial (e.g., in lymphopenia, and other immune 

20 disorders), functional Ian expression or activity can be upmodulated or hsp60, leucine 
rich protein of 130 kD, GRP78, or GRP94 expression or activity can be downmodulated 
to thereby decrease apoptosis. Caspase 8 expression, post-translational processing, or 
activity can be reduced to decrease or inhibit receptor-independent apoptosis. 
Alternatively, to treat a disease condition where enhanced apoptosis is beneficial (e.g. 9 in 

25 lymphoid neoplasms), functional Ian4 expression or activity can be downmodulated or 
hsp60, leucine rich protein of 130 kD, GRP78, or GRP94 expression or activity can be 
modulated (e.g., upregulated) to thereby increase apoptosis. Caspase 8 expression, post- 
translational processing, or activity can be increased to increase receptor-independent 
apoptosis. 

30 Application of the methods of the invention to the treatment of disease conditions 

may result in cure of the condition, a decrease in the type or number of symptoms 
associated with the condition, either in the long term or short term (i.e., amelioration of 
the condition) or simply a transient beneficial effect to the subject. 
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Numerous disease conditions associated with reduced cell survival or enhanced 
cell survival are known in to those of skill in the art and could benefit from modulation 
of the type of response mounted in the individual suffering from the disease condition. 
Application of the immunomodulatory methods of the invention to such 
5 disorders/diseases is described in further detail below. 

A. Autoimmune Diseases 

In one embodiment, Ian expression or activity can be downmodulated or hsp60, 
leucine rich protein of 130 kD, GRP78, or GRP94 expression or activity can be 
upmodulated to increase apoptosis. In another embodiment, Caspase 8 expression, post- 

1 0 translational processing, or activity can be increased to increase receptor-independent 
apoptosis. This can be of use therapeutically in the treatment of autoimmune diseases. 
Many autoimmune disorders are the result of inappropriate activation of T cells that are 
reactive against self tissue and that promote the production of cytokines and 
autoantibodies involved in the pathology of the diseases. 

15 Accordingly, increased apoptosis of cells involved in such undesirable immune 

responses would be of benefit, for example, methods of enhancing apoptosis in subjects 
suffering from, or susceptible to, an autoimmune disease could be performed in such a 
subject. The method can involve either direct administration of a modulatory agent to 
the subject or ex vivo treatment of cells obtained from the subject (e.g., Th2, Thl cells, B 

20 cells, non-lymphoid cells) with a modulatory agent followed by readministration of the 
cells to the subject. The treatment may be further enhanced by administering other 
agents to enhance apoptosis or decrease proliferation to the subject. 

Non-limiting examples of autoimmune diseases and disorders having an 
autoimmune component that maybe treated according to the invention include arthritis 

25 (including rheumatoid arthritis, juvenile rheumatoid arthritis, osteoarthritis, psoriatic 
arthritis), multiple sclerosis, myasthenia gravis, systemic lupus erythematosis, 
autoimmune thyroiditis, dermatitis (including atopic dermatitis and eczematous 
dermatitis), psoriasis, Sjogren's Syndrome, including keratoconjunctivitis sicca 
secondary to Sjogren's Syndrome, alopecia areata, allergic responses due to arthropod 

30 bite reactions, Crohn's disease, aphthous ulcer, iritis, conjunctivitis, keratoconjunctivitis, 
ulcerative colitis, asthma, allergic asthma, cutaneous lupus erythematosus, scleroderma, 
vaginitis, proctitis, drug eruptions, leprosy reversal reactions, erythema nodosum 
leprosum, autoimmune uveitis, allergic encephalomyelitis, acute necrotizing 
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hemorrhagic encephalopathy, idiopathic bilateral progressive sensorineural hearing loss, 
aplastic anemia, pure red cell anemia, idiopathic thrombocytopenia, polychondritis, 
Wegener's granulomatosis, chronic active hepatitis, Stevens-Johnson syndrome, 
idiopathic sprue, lichen planus, Crohn's disease, Graves ophthalmopathy, sarcoidosis, 
5 primary biliary cirrhosis, uveitis posterior, and interstitial lung fibrosis. 

In another embodiment, decreased apoptosis can be of benefit in treating certain 
autoimmune disorders or diseases. For example, as demonstrated herein, loss of Ian4 
activity can lead to the development of type I diabetes and/or lymphopenia. 
Accordingly, in one embodiment, type I diabetes and/or lymphopenia can be treated by 

10 increasing Ian expression or activity and modulating (eg., downregualting) expression or 
activity (e.g., por-activity) of leucine rich protein of 130kD, hsp60, GRP78, or GRP94 to 
decrease apoptosis in mature T cells. This may be done by administrating an agent that 
decreases apoptosis to a subject. 

The efficacy of agents for treating autoimmune diseases can be tested animal 

15 models of human diseases (e.g., EAE as a model of multiple sclerosis and the NOD mice 
as a model for diabetes) or other well characterized animal models of human 
autoimmune diseases. Such animal models include the mrl/lpr/lpr mouse as a model for 
lupus erythematosus, murine collagen-induced arthritis as a model for rheumatoid 
arthritis, and murine experimental myasthenia gravis (see Paul ed., Fundamental 

20 Immunology, Raven Press, New York, 1989, pp. 840-856), and the BB rat as a model of 
type I diabetes. A modulatory (i.e., stimulatory or inhibitory) agent of the invention is 
administered to test animals and the course of the disease in the test animals is then 
monitored by the standard methods for the particular model being used. Effectiveness of 
the modulatory agent is evidenced by amelioration of the disease condition in animals 

25 treated with the agent as compared to untreated animals (or animals treated with a 
control agent). 

B. Cancer 

Increasing apoptosis of neoplastic cells, e.g., tumor cells or cancer cells, is one 
method of controlling unwanted proliferation. In one embodiment, the subject methods 
30 are used to treat leukemia (e.g., chronic or acute lymphoblastic leukemia) or lymphoma 
(e.g., B-cell lymphoma, T-cell lymphoma, Hodgkins lymphoma, non-Hodgkins 
lymphoma, hairy cell lymphoma, or Burketfs lymphoma). Methods of inhibiting Ian 
expression and/or activity or methods of modulating(e.g., upregulating) leucine rich 
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protein of 130 kD, hsp60, GRP78, or GRP94 expression and/or activity can be used to 
increase apoptosis and ameliorate the course of the disease. These methods can involve 
either direct administration of an agent to a subject with cancer or ex vivo treatment of 
cells obtained from the subject with an agent followed by readministration of the cells to 
5 the subject. The treatment may be further enhanced by further administering other 

agents known in the art to enhance treatment of cancer (e.g., chemotherapeutic agents or 
antibody-mediated therapies), hi one embodiment, methods of the invention involving 
administration of the subject modulatory agents allow for administration of 
chemotherapeutic agents at reduced concentration, thereby reducing their toxicity. 

.10 C. Immunosuppressed or Immunocompromised States 

In another embodiment, the methods of the invention can be used to decrease 
apoptosis in lymphocytic cells. Apoptosis of immune cells can lead to certain 
immunosupressed or immunocomprised states, e.g., lymphopenia. Accordingly, in one 
embodiment, methods of stimulating Ian4 expression and/or activity or methods of 

15 modulating leucine rich protein of 130 kD, hsp60, GRP78, or GRP94 expression and/or 
activity can be used to decrease apoptosis and ameliorate the course of the disease. These 
methods can involve either direct administration of an agent to a subject or ex vivo 
treatment of cells obtained from the subject with an agent followed by readministration 
of the cells to the subject. In one embodiment, the subject methods can be used to treat 

20 lymphopenia associated with AIDS or other viral infections. In another embodiment, the 
subject methods can be used to treat subjects that are immunosuppressed following 
treatment with a drug or with radiation (e.g., external beam radiation or internal radiation 
from radiolabeled antibodies). The treatment may be further enhanced by administering 
other agents known in the art to enhance survival of lymphocytes (e.g., cytokine based 

25 therapies). 

In addition to the foregoing disease situations, the modulatory methods of the 
invention also are useful for other purposes. For example, the modulatory methods of 
the invention can be applied to vaccinations. That is, the agents of the invention that 
decrease or inhibit apoptosis can serve as adjuvants in an immune response to an 
30 antigen. 

V. Compositions for Modulating Apoptosis 

Another aspect of the invention pertains to compositions that can be used to 
modulate Ian proteins (e.g., Ian4) or hsp60, leucine rich protein of 130 kD, GRP78, 

43 
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GRP94, and/or caspase 8 in accordance with the methods of the invention. The 
invention provides recombinant expression vectors comprising a nucleotide sequence 
encoding a protein operatively linked to regulatory sequences that direct expression of 
the protein specifically in certain cell types. In one embodiment, the regulatory 
5 sequences direct expression of the Ian4 protein specifically in lymphoid cells (e.g., T 
cells or B cells). In one embodiment, the lymphoid cells are T cells. T cell specific 
regulatory elements are known in the art, such as the promoter regulatory region of T cell 
receptor genes (see e.g., Winoto and Baltimore (1989) EMBO J. 8:729-733; Leiden, J.M. 
(1994) Annu. Rev. Immunol. 11:539-570; Hettman, T. and Cohen, A. (1994) Mol 

10 Immunol 31:315-322; Redondo, J.M. et al (1991) Mol. Cell. Biol. 11:5671-5680). 
Other examples of T cell specific regulatory elements are those derived from the CD3 
gene (see e.g., Clevers, H. et al. (1988) Proc. Natl. Acad. Set USA 85:8623-8627; 
Clevers, H.C. et al. (1988) Proc. Natl. Acad. Sci. USA 85:8156-8160; Georgopoulos, K. 
et al. (1988) EMBO J. 2:2401-2407), the CD4 gene (see e.g., Sawada, S. and Littman, 

15 D.R. (1991) Mol. Cell Biol. U:5506-5515; Salmon, P. et al (1993) Proc. Natl Acad. 
Sci. USA 90:7739-7743; Hanna, Z. et al. (1994) Mol Cell Biol 14:1084-1094; see also 
GenBank accession numbers U01066 and S68043 for human CD4 promoter sequences) 
and the CD2 gene (see e.g., Zhumabekov, T. et al (1995) J. Immunol. Methods 185:133- 
140). A DNA fragment comprising one or more T cell specific regulatory elements, 

20 such as a promoter and enhancer of a T cell receptor gene, can be obtained by standard 
molecular biology methods, such as by PCR using oligonucleotide primers 
corresponding to the 5' and 3' ends of the desired region and genomic DNA from T cells 
as the template. Once the DNA fragment comprising T cell specific regulatory elements 
is obtained, it can be operatively linked to a cDNA encoding a protein (e.g., the two 

25 DNA fragments can be ligated together such that the regulatory elements are located 5' 
of the sequences) and introduced into vector, such as a plasmid vector, using standard 
molecular biology techniques. 

In another embodiment, the lymphoid cells are B cells (i.e., within the 
recombinant expression vector the nucleotide sequences encoding a protein are 

30 operatively linked to regulatory sequences that direct expression of the protein 

specifically in B cells). B cell specific regulatory elements are known in the art, such as 
the promoter regulatory region of immunoglobulin genes (see e.g., Banerji et al (1983) 
Cell 33 :729-740; Queen and Baltimore (1983) Cell 33:741-748). Other examples of B 
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cell specific regulatory elements are those derived from the CD20 (Bl) gene (see e.g., 
Thevenin, C. et al (1993) J. Biol Chem. 268:5949-5956; Rieckmann, P. et al (1991) J. 
Immunol 147:3994-3999), the Fc epsilon RHa gene (see e.g 9 Suter, U. et al (1989) J. 
Immunol 143:3087-3092) and major histocompatibility class II genes (see e.g., 
5 Glimcher, L.H. and Kara, C. J. (1 992) Annu. Rev. Immunol 10: 13-49; Benoist, C. and 
Mathis, D. (1990) Annu. Rev. Immunol 8:681-715). A DNA fragment comprising B cell 
specific regulatory elements, such as a promoter and enhancer of an immunoglobulin 
gene, can be obtained by standard molecular biology methods, such as by PCR using 
oligonucleotide primers corresponding to the 5' and 3' ends of the desired region and 

10 genomic DNA from B cells as the template. Once the DNA fragment comprising B cell 
specific regulatory elements is obtained, it can be operatively linked to a cDNA encoding 
a protein (e.g. 9 the two DNA fragments can be ligated together such that the regulatory 
elements are located 5 r of the Ian4 sequences) and introduced into vector, such as a 
plasmid vector, using standard molecular biology techniques. 

15 In yet another embodiment, the invention provides recombinant expression 

vectors comprising a nucleotide sequence encoding a protein operatively linked to 
regulatory sequences that direct expression of the protein specifically in hematopoietic 
stem cells. Hematopoietic stem cell specific regulatory elements are known in the art. 
Preferably regulatory elements derived from the CD34 gene are used (see e.g., 

20 Satterthwaite, A.B. et al (1992) Genomics 12:788-794; Burn, T. C. et al (1992) Blood 
80:3051-3059). 

Another aspect of the invention pertains to recombinant host cells that express a 
protein of the invention. The terms "host cell" and "recombinant host cell" are used 
interchangeably herein to refer to a cell into which a recombinant expression vector has 

25 been introduced. It is understood that such terms refer not only to the particular subject 
cell but to the progeny of such a cell. Because certain modifications may occur in 
succeeding generations due to either mutation or environmental influences, such progeny 
may not, in fact, be identical to the parent cell, but as long as these progeny cells retain 
the recombinant expression vector, these progeny are still intended to be included within 

30 the scope of the term "host cell" as used herein. 

hi one embodiment, the invention provides a host cell into which a recombinant 
expression vector encoding a protein of the invention has been introduced. The host cell 
can be, e.g., a T cell or a B cell. Exemplary host T cells of the invention include, for 
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example a T cell clone that is cultured in vitro (such as those described in the Examples) 
or, alternatively, a normal T cell that is isolated from a subject (e.g. , a peripheral blood T 
cell or a splenic T cell). Standard methods for preparing and culturing T cell clones in 
vitro, or isolating T cells (e.g. , from peripheral blood) are known in the art, for example 
5 through the use of mAbs that bind T cell specific cell surface markers (e.g, CD3) or 
surface markers for specific subsets of T cells (e.g., CD4 or CD8). The recombinant 
expression vector can be introduced into the T cell by one of a variety of known 
transfection methods for introducing DNA into mammalian cells, including calcium 
phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated transfection, 

1 0 lipofection, or electroporation. Suitable methods for transforming or transfecting host 
cells can be found in Sambrook et al. (Molecular Cloning: A Laboratory Manual, 2nd 
Edition, Cold Spring Harbor Laboratory press (1989)), and other laboratory manuals. 

In another embodiment, the host lymphoid cell of the invention is a host B cell 
into which a recombinant expression vector encoding a protein of the invention has been 

1 5 introduced. The B cell can be, for example a B lymphoma cell that is cultured in vitro 
(such as M12 cells as described in the Examples) or, alternatively, a normal B cell that is 
isolated from a subject (e.g., a peripheral blood B cell or a splenic B cell). Various B 
lymphoma cell lines are available in the art and standard methods for culturing such cells 
in vitro are known. Additionally, standard methods for isolating normal B cells (e.g., 

20 from peripheral blood) are known in the art, for example through the use of mAbs that 
bind B cell specific cell surface markers (e.g., membrane immunoglobulin, B7-1, CD20). 
The recombinant expression vector can be introduced into the B cell by standard 
methods, as described above for T cells. 

In yet another embodiment, the invention provides a host hematopoietic stem cell 

25 into which a recombinant expression vector encoding a protein of the invention has been 
introduced. Hematopoietic stem cells can be isolated from a subject (e.g. 9 from 
peripheral blood or bone marrow of the subject) using standard methods known in the art 
for isolating such stem cells, for example through the use of mAbs that bind 
hematopoietic stem cell specific cell surface markers, preferably CD34 (for further 

30 descriptions of isolation of stem cells, see e.g., Wagner, J.E. et al. (1995) Blood 86:512- 
523; Murray, L. et al (1995) Bloo d 85:368-378; Bernardi, A.C. et al (1995) Science 
262:104-108; Bernstein, I.D. et al (1994) Blood Cells 20: 15-24; Angelini, A. et al 
(1 993) Int. J. Artif. Organs 16 Suppl. 5:13-1 8; Kato, K. and Radburch, A. (1993) 
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Cytometry 14:384-392; Lebkowski, J.S. et al (1992) Transplantation 53:1011-1019; 
Lebkowski, J. et al. (1993) J. Hematother. 2:339-342). The recombinant expression 
vector can be introduced into the hematopoietic stem cell by standard methods, as 
described above for T cells. 
5 Compositions comprising combinations of modulatory agents are also provided 

by the invention. 

Kits for modulating apoptosis are also encompassed by the invention. In one 
embodiment, a kit of the invention comprises at least one modulatory agent of the 
invention packaged with instructions for using the modulatory agent to modulate 

1 0 apoptosis. In another embodiment, the kit comprises at least one modulatory agent for 
use in modulating apoptosis and a second agent known in the art to modulate apoptosis. 
Combination kits, comprising two or more of the modulatory (e.g., stimulatory or 
inhibitory) agents of the invention are also provided. 
VI. Screening Assays 

15 Another aspect of the invention pertains to screening assays for identifying 

compounds or agents that modulate the expression and/or activity of the proteins of the 
invention, e.g., Ian4, hsp60, leucine rich protein of 130 kD, GRP78, GRP94, and caspase 
8. In various embodiments, these screening assays can identify, for example, compounds 
that modulate the expression or functional activity of the proteins, proteins that interact 

20 with the proteins of the invention, as well as compounds that modulate these protein- 
protein interactions. 

Any number of test compounds, e.g., peptidomimetics, small molecules or other - 
drugs can be used for testing and can be obtained using any of the numerous approaches 
in combinatorial library methods known in the art, including: biological libraries; 

25 spatially addressable parallel solid phase or solution phase libraries; synthetic library 
methods requiring deconvolution; the 'one-bead one-compound 1 library method; and 
synthetic library methods using affinity chromatography selection. The biological 
library approach is limited to peptide libraries, while the other four approaches are 
applicable to peptide, non-peptide oligomer or small molecule libraries of compounds 

30 (Lam,K.S. (1991) Anticancer Drug Des. 12:145). 

Examples of methods for the synthesis of molecular libraries can be found in the 
art, for example in: DeWitt et al (1993) Proa Natl Acad. Sci. U.S.A. 90:6909; Erb et 
al.(1994) Proc. Natl Acad. Sci. USA 91:11422; Zuckermann et al. (1994). 1 Med. 
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Chem. 37:2678; Cho et al. (1993) Science 261 :1303; Carrell et al. (1994) Angew. Chem. 
Int. Ed. Engl 33:2059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl 33:2061; and in 
Gallop et al. (1994) J. Med. Chem. 37:1233. 

Libraries of compounds may be presented in solution (e.g., Houghten (1992) 
5 Biotechniques 13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor 
(1993) Nature 364:555-556), bacteria (Ladner USP 5,223,409), spores (Ladner USP 
'409), plasmids (Cull et al. (1992) Proc Natl Acad Sci USA 89:1 865-1 869) or on phage 
(Scott and Smith (1990) Science 249:386-390); (Devlin (1990) Science 249:404-406); 
(Cwirla et al. (1990) Proc. Natl Acad. Sci. 87:6378-6382); (Felici (1991) J. Mol Biol 

10 222:301-310); (Ladner supra.). 

In many drug screening programs which test libraries of modulating agents and 
natural extracts, high throughput assays are desirable in order to maximize the number of 
modulating agents surveyed in a given period of time. Assays which are performed in 
cell-free systems, such as may be derived with purified or semi-purified proteins, are 

15 often preferred as "primary" screens in that they can be generated to permit rapid 

development and relatively easy detection of an alteration in a molecular target which is 
mediated by a test modulating agent. Moreover, the effects of cellular toxicity and/or 
bioavailability of the test modulating agent can be generally ignored in the in vitro 
system, the assay instead being focused primarily on the effect of the drug on the 

20 molecular target as may be manifest in an alteration of binding affinity with upstream or 
downstream elements. 

hi one embodiment, the invention provides assays for screening candidate or test * 
compounds which bind to or modulate the activity of a polypeptide of the invention or 
biologically active portion thereof. 

25 Assays can be used to screen for modulating agents, including homologs, which 

are either agonists or antagonists of the normal cellular function of the subject 
polypeptides. For example, the invention provides a method in which an indicator 
composition is provided which comprises a protein which modulates apoptosis, i.e., 
Ian4, hsp60, leucine rich protein of 130 kD, GRP78 GRP94, or caspase 8. The indicator 

30 composition can be contacted with a test compound. The effect of the test compound on 
activity, as measured by a change in the indicator composition, can then be determined 
to thereby identify a compound that modulates the activity of a protein of the invention. 
A statistically significant change, such as a decrease or increase, in the level of protein 
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expression or activity in the presence of the test compound (relative to what is detected 
in the absence of the test compound) is indicative of the test compound being a 
modulating agent. The indicator composition can be, for example, a cell or a cell 
extract. 

5 i) Cell-Based Assays 

Cell-based assays for identifying small molecule agonists/antagonists and the like 
can be used to identify additional modulating agents for use in the claimed invention. 
For example, cells expressing a protein of the invention can be used in a screening assay. 
In a preferred embodiment, cells can be caused to express or overexpress a recombinant 

10 protein in the presence and absence of a test agent of interest, with the assay scoring for 
modulation in the expression, post-translational modification, or activity of the protein 
of the invention in the target cell mediated by the test agent For example, modulating 
agents which produce a statistically significant change in expression or activity of a 
protein of the invention (either an increase or decrease) can be identified. 

15 Recombinant expression vectors that can be used for expression of proteins of 

the invention are known in the art (see discussions above). In one embodiment, within 
the expression vector the protein coding sequences are operatively linked to regulatory 
sequences that allow for constitutive or inducible expression of the protein in the 
indicator cell(s). Use of a recombinant expression vector that allows for constitutive or 

20 inducible expression of a protein in a cell is preferred for identification of compounds 
that enhance or inhibit the activity of a protein of the invention. In an alternative 
embodiment, within the expression vector the protein coding sequences are operatively 
linked to regulatory sequences of the endogenous gene (i.e., the promoter regulatory 
region derived from the endogenous gene). Use of a recombinant expression vector in 

25 which protein expression is controlled by the endogenous regulatory sequences is 
preferred for identification of compounds that enhance or inhibit the transcriptional 
expression of a protein of the invention. 

In one embodiment, an assay is a cell-based assay comprising contacting a cell 
expressing a protein of the invention with a test compound and determining the ability of 

30 the test compound to modulate (e.g. stimulate or inhibit) the activity of the protein 

molecule. Determining the ability of the test compound to modulate the activity of the 
protein can be accomplished using a variety of readouts. 
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Direct Readouts: 

Iq one embodiment, the direct effect of a test compound on apoptosis is 
measured. For example, determining the ability of the test agent to modulate the activity 
of a polypeptide of the invention can be accomplished, for example, by measuring the 
5 ability of a test compound to modulate apoptosis in a cell, e.g., in a T cell. The hallmark 
of apoptosis is degradation of DNA. Early in the process, this degradation occurs in 
internucleosomal DNA linker regions. The DNA cleavage may yield double-stranded 
and single-stranded DNA breaks. Apoptosis can be measured in cells using standard 
techniques. Therefore, degradation of genomic DNA of a population of cells can be 

10 analyzed by agarose gel electrophoresis, or DNA fragmentation assays based on 3H- 
thymidine or 5-Bromo-2'-deoxy-uridine can be used. 

To analyze apoptosis in individual cells, apoptotic cells may be recognized 
microscopically because of the characteristic appearance of nuclear chromatin 
condensation and fragmentation. Apoptosis can be measured in individual cells, for 

15 example, using Hoechst stain and looking for cells with pyknotic nuclei as described in 
the appended Examples. Alternatively, double and single-stranded DNA breaks can be 
detected by labeling the free 3'-OH termini with modified nucleotides (e.g., biotin- 
dUTP, DIG-dUTP, fluorescein-dUTP) in an enzymatic reaction. Terminal 
deoxynucleotidyl transferase (TdT) catalyzes the template independent polymerization of 

20 deoxyribonucleotides to the 3* end of the DNA. This method is referred to as TUNEL 
(TdT-mediated dUTP-X nick end labeling). Alternatively, free 3'OH groups may be 
labeled using DNA polymerases by nick translation. Tunnel staining can be used to 
identify cells with double stranded DNA breaks. Labeled free 3'OH groups that have 
incorporated labeled dUTP can be visualized by flow cytometry and/or fluorescence 

25 microscopy. Reagents for performing these assays are available e.g., from Roche 
Molecular Biochemicals USA (In situ cell death detection kit). In addition, annexin 
(e.g., Annexin-V-Alexa™ 568 commercially available from Roch molecular 
Biochemicals USA) can be used for this purpose. One of the early plasma membrane 
changes associated with cells undergoing apoptosis is the translocation of 

30 phosphatidylserine from the inner leaflet of the plasma membrane to the outer layer, 
thereby exposing phosphatidylserine at the surface of the cell. Annexin-V is a 
phospholipid binding protein which binds to phosphatidyl serine and can be used as a 
probe for phosphatidylserine on cell surfaces. Annexin-V can be used in combination 
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with a DNA stain (e.g., BOBO™ -1) to differentiate apoptotic cells from necrotic cells. 
Indirect Assays: 

Assays can also be devised to indirectly assess the effects of a modulating agent 
5 on apoptosis by measuring the effects of the modulating agent on the expression and/or 
intracellular localization of components of the apoptotic pathway. In one embodiment, 
the DNA or protein encoding an apoptotic pathway component of the agent or a 
fragment thereof can be functionally linked or fused to a reporter gene. When expressed 
in a suitable expression vector, the intracellular distribution of the resultant fusion 

1 0 protein can then be localized by assaying its expression or within the cell using 
techniques well known in the art. Exemplary "reporter genes" include Beta- 
galactosidase (P-gal), Beta-glucoronidase (GUS), firefly luciferase (ex. those from P. 
pyralis), or Green Fluorescent Proteins (GFP) from the bioluminescent jellyfish A. 
victoria. In one embodiment, the reporter gene can be fused to an an apoptogenic factors 

15 (e.g. procaspase-2, procaspase-3, procaspase-8, procaspase-9, cytochrome-^, 
Smac/Diablo, AIF, or endonuclease G) to measure release of the protein from 
mitochondria. Since apoptogenic factors are normally confined to the intermembrane 
space or matrix of mitochondria, the release of these factors from mitochondria can be 
used to assess the effects of a modulating agent on mitochondrial integrity. Methods for 

20 assessing the mitochondrial release of cytochrome are disclosed in the art (see Heiskanen 
et al, 1999, J. Biol. Chem, 274: 5654). 

In another embodiment, the effects of modulating agents on apoptosis can be 
assessed indirectly by their effects on the expression and/or activity of proteins of the 
invention. In one preferred embodiment, the effects of modulating agents on Ian activity 

25 can be assessed by measuring mitochondrial membrane permeabilization. For example, 
mitochondrial inner membrane permeabilization can be measured in intact cells by 
loading the cytosol or the mitochondrial matrix with a die that does not normally cross 
the inner membrane, e.g., calcein (Bernardi et al. 1999. Eur. J. Biochem. 264:687; 
Lemasters, J., J. et al, 1998. Biochem. Biophys. Acta 1366:177. In another 

30 embodiment, mitochondrial inner membrane permeabilization can be assessed by 
determining a change in the mitochondrial inner membrane potential (AYm) with 
potentiometric indicator dyes. For example, cells can be incubated with lipophilic 
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cationic fluorochromes such as DiOC6 (Gross et al. 1999. Genes Dev. 13:1988) 
(3,3'dihexyloxacarbocyanineiodide) or JC-1 (5,5',6 9 6'-tetrachloro-l,r, 3,3'- 
tetraethylbenziimdazolylcarbocyanine iodide). These dyes accumulate in the 
mitochondrial matrix, driven by the Tm . Dissipation results in a reduction of the 
5 fluorescence intensity (e.g., for DiOC6 (Gross et al. . 1999. Genes Dev. 13:1988) or a 
shift in the emission spectrum of the dye. These changes can be measured by 
cytofluorometry or microscopy of whole cells or purified mitochondria. In a preferred 
embodiment, a dye such as Mitolight™ or MitoTracker™ (Molecular Probes, Eugene, 
OR) can be used as described in the instant examples. As list of alternative 
1 0 potentiometic dyes which may be used to assess inner mitochondrial membrane 
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permeabilization include those listed in Table I: 



TABLE I: 

Potentiometric Indicators 



Dyes 


Structure 
(Charge) 


Optical Response 


ANEP dyes (aminonaphthyl- 
ethenylgyridinium 


Styryl 
(carionic or 
zwitterionic) 


FAST; fluorescence 
excitation ratio 440/505 nm 
decreases upon membrane 
depolarization 


RHdyes 
(Rina Hildesheim) 


Styryl 
(carionic or. 
zwitterionic) 


FAST; generally similar to 
ANEP dyes with excitation 
red shift upon membrane 
hyperpolarization 


Impermeant Oxonols (oxonol 
dyes wifhphenylsulfonate 
substituents 


Hybrid oxonol 
(anionic) 


FAST; absorbance changes 
upon membrane 
hyperpolarization 


Carbocyanines (Indo- Dil), tbia 

(DiS) and oxa- (DiO) 
carbocyanines with short (n=l- 
7) alkyl tails 


Carbocyanine 
(cationic) 


SLOW; fluorescence generlly 
decreases upon membrane 
hyperpolarization 


Rhodamine and the methyl and 
ethyl esters of 
tetramethylrfodamine 


Rhodamine 
(cationic) 


SLOW; used to obtain 
unbiased images of potential- 
dependent dye distribution 


Oxonols 


Oxonol 
(anionic) 


SLOW; flourescence 
decreases upon membrane 
hyperpolarization 


DiBAC Dyes (bis-barbituric 
acid oxonols) 


Oxonol 
(anionic) 


SLOW; flourescence 
decreases upon membrane 
hyperpolarization 



5 



It is anticipated that fluorescent and/or chromogenic pH indicators can also be 
utilized to assess the integrity of the inner mitochondrial membrane. As used herein, the 
term "chromogenic indicator" refers to a compound which produces a colorometric 
readout as an indicator of pH. Examples of chromogenic indicators which change their 
10 color in response to a change in pH include, but are not limited to, litmus, 
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phenolphthalein, and phenol red. In another embodiment, the Mg 2+ dye, Magfure, is 
used to measure citrate entry via CIC due to the ability of citrate to chelate Mg 2 + . 

Also, according to the present invention, a fluorescent indicator can be utilized in 
accordance with the present invention. As used herein, the term "fluorescent indicator" 

5 refers to a compound which produces a fluorescent readout as an indicator of pH. In a 
preferred embodiment, the change in the fluorescent readout of such an indicator is a 
quantitative measurement of the change in, for example, pH or membrane potential. 
Examples of fluorescent indicators which produce a change in fluorescence in response 
to a change inpH include, but are not limited to, fluorescein and fluorescein derivatives 

1 0 (e.g., fluorescein diacetate (FDA), carboxyfluorescein diacetate (CFDA), the polar 
fluorescein derivative, BCECF, and the AM ester of BCECF, methylated fluorescein 
and/or fluorescein diacetate, and fluorescein sulfonic acid and/or fluorescein sulfonic 
acid diacetate); the seminaphthorhodafluors (SNARF dyes) and seminapthofluoresceins 
(SNAFL dyes); and/or pyranin. The typical pH ranges and spectral measurements for 

1 5 exemplary pH indicators are provided in Table 2. 



TABLE 2: 

pH Indicators 



Parent Flurophore 


pH Range 


Typical Measurement 


SNAFL indicators 


7.2-8.2 


Excitation Ratio 490/540 nm 
or emission ratio 540/630 nm 


SNARF indicators 


7.0-8.0 


Emmission ratio 580/640 nm 


HPTS (pyranine) 


7.0-8.0 


Excitation ratio 450/405 nm 


BCECF 


6.5-7.5 


Excitation ratio 490/450 nm 


Fluoresceins and 
carboxyfluorosceins 


6.0-7.2 


Excitation ratio 490/450 nm 



In another embodiment, modulators of protein expression are identified in a 
20 method wherein a cell is contacted with a candidate compound and the expression of 
mRNA or protein in the cell is determined. The level of expression of mRNA or protein 
in the presence of the candidate compound is compared to the level of expression of 
mRNA or protein in the absence of the candidate compound. The candidate compound 
can then be identified as a modulator of the expression of a protein of the invention 
25 based on this comparison. For example, when expression of mRNA or protein is greater 
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(e.g., statistically significantly greater) in the presence of the candidate compound than 
in its absence, the candidate compound is identified as a stimulator of mRNA or protein 
expression. Alternatively, when expression of mRNA or protein is less (e.g., statistically 
significantly less) in the presence of the candidate compound than in its absence, the 
5 candidate compound is identified as an inhibitor of mRNA or protein expression. The 
level of mRNA or protein expression in the cells can be determined by methods known 
in the art for detecting mRNA or protein. 

In one embodiment, cells are not subjected to a stimulus that induces apoptosis 
prior to contacting them with a test compound. In one embodiment, cells are subjected 

10 to a stimulus that induces apoptosis prior to contacting them with a test compound. 

Exemplary stimuli include those that cause receptor-mediated apoptosis (e.g., ligation of 
CD95, DR3/WSL, or (TRAEL)/APO-2L receptors) or those that cause receptor- 
independent apoptosis (e.g., withdrawal of a growth factor or cytokine). 

In one embodiment, a cell for use in a screening assay expresses a non-functional 

1 5 foim of Ian4, for example, a form of Ian4 comprising a carboxyterminal deletion. 

In yet another aspect of the invention proteins of the invention or portions thereof 
can be used as "bait proteins" in a two-hybrid assay or three-hybrid assay (see, e.g., U.S. 
Patent No. 5,283,317; Zervos et al. (1993) Cell 72:223-232; Madura et al. (1993) Biol 
Chem. 268:12046-12054; Bartel et al. (1993) Biotechniques 14:920-924; Iwabuchi et al. 

20 (1993) Oncogene 8:1693-1696; andBrent W094/1 0300), to identify other proteins, 

which bind to or interact with proteins of the invention and are involved in their activity. 

The two-hybrid system is based on the modular nature of most transcription 
factors, which consist of separable DNA-binding and activation domains. Briefly, the 
assay utilizes two different DNA constructs. In one construct, the gene that codes for an 

25 Ian4 protein is fused to a gene encoding the DNA binding domain of a known 

transcription factor (e.g., GAL-4). In the other construct, a DNA sequence, from a 
library of DNA sequences, that encodes an unidentified protein ("prey" or "sample") is 
fused to a gene that codes for the activation domain of the known transcription factor. If 
the "bait" and the "prey" proteins are able to interact, in vivo, forming a complex, the 

30 DNA-binding and activation domains of the transcription factor are brought into close 
proximity. This proximity allows transcription of a reporter gene (e.g., LacZ) which is 
operably linked to a transcriptional regulatory site responsive to the transcription factor. 
Expression of the reporter gene can be detected and cell colonies containing the 
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functional transcription factor can be isolated and used to obtain the cloned gene which 
encodes the protein which interacts with a protein of the invention. Once interacting 
proteins have been identified, the ability of a test compound to modulate the interaction 
between a protein of the invention and the interacting protein can be tested using 
5 techniques that are known in the art, e.g., using the cell-free assays described herein, 
ii) Cell-Free Assays 

In one embodiment, the assay is a cell-free assay in which a protein of the 
invention or biologically active portion thereof is contacted with a test compound and 
the ability of the test compound to modulate (e.g., stimulate or inhibit) the activity of the 

1 0 protein or biologically active portion thereof is determined. The protein can be provided 
as a lysate of cells that express the protein, as a purified or semipurified polypeptide, or 
as a recombinantly expressed polypeptide. In one embodiment, a cell-free assay system 
further comprises a cell extract or isolated components of a cell, such as mitochondria. 
Such cellular components can be isolated using techniques which are known in the art. 

1 5 Determining the ability of the test compound to modulate the activity of a protein can be 
accomplished, for example, by determining the ability of the protein to bind to a target 
molecule (another molecule to which the protein of the invention binds) using an art 
recognized method for determining direct binding. Determining the ability of the protein 
to bind to a target molecule can be accomplished, e.g., using a technology such as real- 

20 time Biomolecular Interaction Analysis (BIA). Sjolander, S. and Urbaniczky, C. (1 991) 
Anal Chem. 63:2338-2345 and Szabo et al. (1995) Curr. Opin. Struct Biol 5:699-705. 
As used herein, "BIA" is a technology for studying biospecific interactions in real time, 
without labeling any of the interactants (e.g., BIAcore). Changes in the optical 
phenomenon of surface plasmon resonance (SPR) can be used as an indication of real- 

25 time reactions between biological molecules. 

in yet another embodiment, the cell-free assay involves contacting a protein or 
biologically active portion thereof with an interacting molecule which binds the protein 
to form an assay mixture, contacting the assay mixture with a test compound, and 
determining the ability of the test compound to interact with one of the components of 

30 the mixture or to disrupt formation of a complex between the two components, wherein 
detennining the ability of the test compound to interact with the protein comprises the 
ability of the compound to interact with one of the components or disrupt formation of a 
complex indicates that the compound interferes with a binding activity of the protein. 
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The cell-free assays of the present invention are amenable to use of both soluble 
and/or membrane-bound forms of proteins. In the case of cell-free assays in which a 
membrane-bound form a protein is used it may be desirable to utilize a solubilizing 
agent such that the membrane-bound form of the protein is maintained in solution. 
5 Examples of such solubilizing agents include non-ionic detergents such as n- 

octylglucoside, n-dodecylglucoside, n-dodecylmaltoside, octanoyl-N-methylglucamide, 
decanoyl-N-methylglucamide, Triton® X-100, Triton® X-l 14, Thesit®, 
Isotridecypoly(ethylene glycol ether) n , 3-[(3-cholamidopropyl)dimethylamminio]-l- 
propane sulfonate (CHAPS), 3-[(3-cholamidopropyl)dimethylanuninio]-2-hydroxy-l- 
1 0 propane sulfonate (CHAPSO), or N-dodecyl=N,N-dimethyl-3-ammonio-l-propane 
sulfonate. 

Suitable assays are known in the art that allow for the detection of protein-protein 
interactions (e.g. 9 immunoprecipitations, two-hybrid assays and the like). By performing 
such assays in the presence and absence of test compounds, these assays can be used to 

15 identify compounds that modulate (e.g., inhibit or enhance) the interaction of a protein of 
the invention with a target molecule(s). 

Determining the ability of the protein to bind to or interact with a target molecule 
can be accomplished, e.g., by direct binding. In a direct binding assay, the protein could 
be coupled with a radioisotope or enzymatic label such that binding of the protein to a 

20 target molecule can be determined by detecting the labeled protein in a complex. For 

example, proteins can be labeled with 1 25 I, 35 S, i4 C, or 3 H, either directly or indirectly, 
and the radioisotope detected by direct counting of radioemmission or by scintillation 
counting. Alternatively, molecules can be enzymatically labeled with, for example, 
horseradish peroxidase, alkaline phosphatase, or luciferase, and the enzymatic label 

25 detected by determination of conversion of an appropriate substrate to product. 

Typically, it will be desirable to immobilize either a protein of the invention or 
its binding protein to facilitate separation of complexes from uncomplexed forms of one 
or both of the proteins, as well as to accommodate automation of the assay. Binding to 
an upstream or downstream binding element, in the presence and absence of a candidate 

30 agent, can be accomplished in any vessel suitable for containing the reactants. Examples 
include microtitre plates, test tubes, and micro-centrifuge tubes. In one embodiment, a 
fusion protein can be provided which adds a domain that allows the protein to be bound 
to a matrix. For example, glutathione-S-transferase/ Ian4 (GST/ Ian4) fusion proteins 
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can be adsorbed onto glutathione sepharose beads (Sigma Chemical, St. Louis, MO) or 
glutathione derivatized microtitre plates, which are then combined with the cell lysates, 
e.g. an 35 S-labeled, and the test modulating agent, and the mixture incubated under 
conditions conducive to complex formation, e.g., at physiological conditions for salt and 
5 pH, though slightly more stringent conditions may be desired. Following incubation, the 
beads are washed to remove any unbound label, and the matrix immobilized and 
radiolabel determined directly (e.g. beads placed in scintilant), or in the supernatant after 
the complexes are subsequently dissociated. Alternatively, the complexes can be 
dissociated from the matrix, separated by SDS-PAGE, and the level of Ian4 -binding 
1 0 protein found in the bead fraction quantitated from the gel using standard electrophoretic 
techniques. 

Other techniques for immobilizing proteins on matrices are also available for use 
in the subject assay. For instance, biotinylated molecules can be prepared from biotin- 
NHS (N-hydroxy-succinimide) using techniques well known in the art (e.g., 

15 biotinylation kit, Pierce Chemicals, Rockford, DL), and immobilized in the wells of 

streptavidin-coated 96 well plates (Pierce Chemical). Alternatively, antibodies reactive 
with a protein of the invention, but which do not interfere with binding of upstream or 
downstream elements can be derivatized to the wells of the plate, and the protein trapped 
in the wells by antibody conjugation. 

20 A variety of art recognized methods can be used to detect one or both of the 

proteins. For example, for processes which rely on immunodetection for quantitating 
one of the proteins trapped in the complex, antibodies against the protein, can be used. 
Alternatively, the protein to be detected in the complex can be "epitope tagged" in the 
form of a fusion protein which includes a portion of a second protein for which 

25 antibodies are readily available (e.g. from commercial sources). For instance, the GST 
fusion proteins described above can also be used for quantification of binding using 
antibodies against the GST moiety. Other useful epitope tags include myc-epitopes (e.g., 
see Ellison et al. (1991) J Biol Chem 266:21150-21 157) which includes a 10-residue 
sequence from c-myc, as well as the pFLAG system (International Biotechnologies, Inc.) 

30 or the pEZZ-protein A system (Pharamacia, NJ). 

It is also within the scope of this invention to determine the ability of a 
compound to modulate the interaction between a protein of the invention and its target 
molecule, without the labeling of any of the interactants. For example, a 
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microphysiometer can be used to detect the interaction of a protein of the invention with 
its target molecule without the labeling of either the protein or the target molecule. 
McConnell, H. M. et al. (1 992) Science 257:1906-1912. As used herein, a 
"microphysiometer" (e.g., Cytosensor) is an analytical instrument that measures the rate 
5 at which a cell acidifies its environment using a light-addressable potentiometric sensor 
(LAPS). Changes in this acidification rate can be used as an indicator of the interaction 
between compound and receptor. 

iii) Whole Organism Screens 

The host cells of the invention can also be used to produce nonhuman transgenic 

1 0 animals. The nonhuman transgenic animals can be used in screening assays designed to 
identify agents or compounds, which are capable of ameliorating detrimental symptoms 
of selected disorders such as immune disorders and neoplasms. For example, in one 
embodiment, a host cell of the invention is a fertilized oocyte or an embryonic stem cell 
into which Ian4-coding sequences have been introduced. Such host cells can then be 

15 used to create non-human transgenic animals in which exogenous Ian sequences have 
been introduced into their genome or homologous recombinant animals in which 
endogenous Ian sequences have been altered. Such animals are useful for studying the 
function and/or activity of Ian family members and for identifying and/or evaluating 
modulators of Ian activity. As used herein, a "transgenic animal" is a nonhuman animal, 

20 preferably a mammal, more preferably a rodent such as a rat or mouse, in which one or 
more of the cells of the animal includes a transgene. Other examples of transgenic 
animals include nonhuman primates, sheep, dogs, cows, goats, chickens, amphibians, 
etc. A transgene is exogenous DNA which is integrated into the genome of a cell from 
which a transgenic animal develops and which remains in the genome of the mature 

25 animal, thereby directing the expression of an encoded gene product in one or more cell 
types or tissues of the transgenic animal. As used herein, a "homologous recombinant 
animal" is a nonhuman animal, preferably a mammal, more preferably a mouse, in which 
an endogenous Ian gene has been altered by homologous recombination between the 
endogenous gene and an exogenous DNA molecule introduced into a cell of the animal, 

30 e.g., an embryonic cell of the animal, prior to development of the animal. 

A transgenic animal of the invention can be created by introducing Ian-encoding 
nucleic acid into the male pronuclei of a fertilized oocyte, e.g., by microinjection, 
retroviral infection, and allowing the oocyte to develop in a pseudopregnant female 
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foster animal. The human Ian4 cDNA encoding the protein sequence of SEQ ID NO:2 
can be introduced as a transgene into the genome of a nonhuman animal. Alternatively, 
a nonhuman homologue of the human Ian gene, such as a mouse Ian gene, can be 
isolated based on hybridization to the human Ian cDNA and used as a transgene. 
5 Intronic sequences and polyadenylation signals can also be included in the transgene to 
increase the efficiency of expression of the transgene. A tissue-specific regulatory 
sequence(s) can be operably linked to the Ian transgene to direct expression of Ian 
protein to particular cells. Methods for generating transgenic animals via embryo 
manipulation and microinjection, particularly animals such as mice, have become 

10 conventional in the art and are described, for example, in U.S. Patent Nos. 4,736,866 and 
4,870,009, both by Leder et al., U.S. Patent No. 4,873,191 by Wagner et al. and in 
Hogan, B., Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y., 1986). Similar methods are used for production of other 
transgenic animals. A transgenic founder animal can be identified based upon the 

15 presence of the Ian transgene in its genome and/or expression of Ian mRNA in tissues or 
cells of the animals. A transgenic founder animal can then be used to breed additional 
animals carrying the transgene. Moreover, transgenic animals carrying a transgene 
encoding Ian can further be bred to other transgenic animals carrying other transgenes. 

To create a homologous recombinant animal, a vector is prepared which contains 

20 at least a portion of an Ian gene into which a deletion, addition or substitution has been 
introduced to thereby alter, e.g., functionally disrupt, the Ian gene. Thfe Ian gene can be a 
human gene (e.g., human Ian4 nucleotide of SEQ ID NO:l), but more preferably, is a 
nonhuman homologue of a human IAN gene. For example, a mouse Ian gene can be 
isolated from a mouse genomic DNA library using the human Ian cDNA encoding the 

25 human Ian4 protein of SEQ ID NO: 1 as a probe. The mouse Ian gene then can be used 
to construct a homologous recombination vector suitable for altering an endogenous Ian 
gene in the mouse genome. In a preferred embodiment, the vector is designed such that, 
upon homologous recombination, the endogenous Ian gene is functionally disrupted (i.e., 
no longer encodes a functional protein; also referred to as a "knock out" vector). 

30 Alternatively, the vector can be designed such that, upon homologous recombination, the 
endogenous Ian gene is mutated or otherwise altered but still encodes functional protein 
(e.g., the upstream regulatory region can be altered to thereby alter the expression of the 
endogenous Ian protein). In the homologous recombination vector, the altered portion of 
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the Ian gene is flanked at its 5' and 3' ends by additional nucleic acid of the Ian gene to 
allow for homologous recombination to occur between the exogenous Ian gene carried 
by the vector and an endogenous Ian gene in an embryonic stem cell. The additional 
flanking Ian nucleic acid is of sufficient length for successful homologous recombination 
5 with the endogenous gene. Typically, several kilobases of flanking DNA (both at the 5' 
and 3' ends) are included in the vector (see e.g., Thomas, K.R. and Capecchi, M. R. 
(1987) Cell 51:503 for a description of homologous recombination vectors). The vector 
is introduced into an embryonic stem cell line (e.g., by electroporation) and cells in 
which the introduced Ian gene has homologously recombined with the endogenous Ian 

10 gene are selected (see e.g., Li, E. et al. (1992) Cell 69:915). The selected cells are then 
injected into a blastocyst of an animal (e.g., a mouse) to form aggregation chimeras (see 
e.g., Bradley, A. in Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, 
E.J. Robertson, ed. (IRL, Oxford, 1987) pp. 1 13-152). A chimeric embryo can then be 
implanted into a suitable pseudopregnant female foster animal and the embryo brought 

15 to term. Progeny harboring the homologously recombined DNA in their germ cells can 
be used to breed animals in which all cells of the animal contain the homologously 
recombined DNA by germline transmission of the transgene. Methods for constructing 
homologous recombination vectors and homologous recombinant animals are described 
further in Bradley, A. (1991) Current Opinion in Biotechnology 2:823-829 and in PCT 

20 International Publication Nos.: WO 90/1 1354 by Le Mouellec et al.; WO 91/01 140 by 
Smithies et al.; WO 92/0968 by Zijlstra et al.; and WO 93/04169 by Berns et al. 

In another embodiment, transgenic nonhumans animals can be produced which 
contain selected systems which allow for regulated expression of the transgene. One 
example of such a system is the cre/loxP recombinase system of bacteriophage PI . 

25 For a description of the cre/loxP recombinase system, see, e.g., Lakso et al. (1992) 
PNAS 89:6232-6236. Another example of a recombinase system is the FLP 
recombinase system of Saccharomyces cerevisiae (O'Gorman et al. (1991) Science 
25 1 : 135 1-1355 . If a cre/loxP recombinase system is used to regulate expression of 
the transgene, animals containing transgenes encoding both the Cre recombinase and a 

30 selected protein are required. Such animals can be provided through the construction 
of "double" transgenic animals, e.g., by mating two transgenic animals, one 
containing a transgene encoding a selected protein and the other containing a transgene 
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encoding a recombinase. 

Clones of the nonhuman transgenic animals described herein can also be 
produced according to the methods described in Wilmut, I. et al. (1997) Nature 
385:810-813. In brief, a cell, e.g., a somatic cell, from the transgenic animal can be 
5 isolated and induced to exit the growth cycle and enter G 0 phase. The quiescent cell 
can then be fused, e.g., through the use of electrical pulses, to an enucleated oocyte 
from an animal of the same species from which the quiescent cell is isolated. The 
reconstructed oocyte is then cultured such that it develops to morula or blastocyst and 
then transferred to pseudopregnant female foster animal. The offspring borne of this 

10 female foster animal will be a clone of the animal from which the cell, e.g. , the 
somatic cell, is isolated. 

Non-human transgenic animals of the invention can be used in whole organism 
screens to identify modulatory agents that alter the expression and/or activity of the 
proteins of the invention. In one embodiment, a non -human transgenic animal 

15 containing a functionally disrupted gene of the invention that produced an observable 
mutant phenotype (e.g. lymphopenia) can be used in whole-organism assays to identify 
modulatory agents that functionally complement or rescue the mutant phenotype. 
Alternatively, established animal models wherein mutant forms of the genes of the 
invention have arisen spontaneously or by artificial mutagenesis (e.g. BB Diabetes 

20 Prone rats containing the Ian4 frameshift mutation) can be utilized in screening assays 
to identify modulatory agents that functionally compelement or rescue the mutant 
phenotype. 

This invention further pertains to novel agents identified by the above-described 
screening assays. Accordingly, it is within the scope of this invention to further use an 

25 agent identified as described herein in an appropriate animal model. For example, a 
modulating agent identified as described herein (e.g., an Ian4 modulating agent, an 
antisense Ian4 nucleic acid molecule, an Ian4-specific antibody, or an Ian4 -binding 
partner) can be used in an animal model to determine the efficacy, toxicity, or side 
effects of treatment with such an agent. Alternatively, an agent identified as described 

30 herein can be used in an animal model to determine the mechanism of action of such an 
agent. The efficacy of the modulating agent can be assessed by generating dose response 
curves from data obtained using various concentrations of the test modulating agent. 
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Moreover, a control assay can also be performed to provide a baseline for comparison. 
Furthermore, this invention pertains to uses of novel agents identified by the above- 
described screening assays for treatments as described herein. 

This invention is further illustrated by the following examples which should not 
5 be construed as limiting. The contents of all references, patents and published patent 
applications cited throughout this application are hereby incorporated by reference. 
Nucleotide and amino acid sequences deposited in public databases as referred to herein 
are also hereby incorporated by reference. 

The practice of the present invention will employ, unless otherwise indicated, 

1 0 conventional techniques of cell biology, cell culture, molecular biology, transgenic 

biology, microbiology, recombinant DNA, and immunology, which are within the skill 
of the art. Such techniques are explained fully in the literature. See, for example, 
Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and 
Maniatis (Cold Spring Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and II 

15 (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); Mullis et aL 
U.S. Patent NO: 4,683,195; Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins 
eds. 1984); Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); 
Culture Of Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells 
And Enzymes QKL Press, 1986); B. Perbal, A Practical Guide To Molecular Cloning 

20 (1984); the treatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Gene 

Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold 
Spring Harbor Laboratory); Methods In Enzymology, Vols. 154 and 155 (Wu et al. eds.), 
Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds., 
Academic Press, London, 1987); Handbook Of Experimental Immunology, Volumes I- 

25 IV (D. M. Weir and C. C. Blackwell, eds., 1986); Manipulating the Mouse Embryo, 
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). 

EXEMPLIFICATION 
The present invention is further illustrated by the following examples which 
should not be construed as limiting in any way. 

30 The following materials and methods were used in the Examples: 

Animals . BBDR and BBDP rats were obtained from BMR, Inc. (Worcester, MA). About 
90% of BBDP rats develop spontaneous autoimmune diabetes; they are Ian^' and 
congenitally lymphopenia BBDR rats are Ian4 +/+ and never become spontaneously 
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diabetic (Mordes,J.P. et ah Animal models of diabetes: A primer. SimaA.A.F. & 
ShafrirJB. (eds.), pp. 1-41 (Harwood Academic Publishers, Amsterdam,2001). WF rats 
were obtained from Harlan Sprague Dawley (Indianapolis, IN). A congenic, non-diabetic 
WFART2a rat bred in our laboratories was used in one experiment (Mordes,J.P. et ah 
5 The iddm4 locus segregates with diabetes susceptibility in congenic WF.iddm4 rats. 
Diabetes 51, 3254-3262 (2002)) Eight to 10 week old rats of either sex were used; all 
rats were non-diabetic at the time of study. Animals were housed in a viral-antibody free 
facility and maintained in accordance with the Guide for the Care and Use of 
Laboratory Animals (National Academy of Sciences, 1996) and guidelines of our 
1 0 Institutional Animal Care Committee. 

Antibodies 

Purified and fluorochrome- or biotin-conjugated monoclonal antibodies (mAbs) directed 
against CD3 (G4.18), CD28 (JJ3 19), and ajJTCR (R7.3) were obtained from BD 
PharMingen (San Diego, CA). Isotype control mAb mouse IgGland APC®-conjugated 
1 5 streptavidin were also purchased from BD PharMingen. Anti-actin and anti-cytochrome 
C antibodies were from Chemicon International, Temecula, CA and BD Pharmingen, 
San Diego, CA, respectively. Anti-rabbit and anti-mouse IgG horseradish peroxidase 
(HRP) conjugate was obtained from Santa Cruz Biotechnology (Santa Cruz, CA) or 
Promega (Madison, WI). 

20 Cell Isolation 

Rats were killed in an atmosphere of 100% C02 and cervical and mesenteric 
lymph nodes, thymi, and liver were removed. Single cell suspensions were prepared by 
gentle extrusion through stainless steel sieves into medium consisting of cold RPMI- 
1640 supplemented with 5% Fetalclone® I (Gibco BRL, City) as described (N. N. 

25 Iwakoshi et al., JJmmunoh 160, 5838-5850 (1998)). To obtain purified T cell 

preparations, lymph node cells were passed over nylon wool columns (Polysciences, 
Inc., Warrington, PA, USA), hi some experiments, purified T and B cells were prepared 
using magnetic bead technology according to the manufacturer's directions (Miltenyi 
Biotec, Auburn CA). Briefly, antibody-labeled cells were incubated for 20 min with rat 

30 anti-mouse IgGl Microbeads (Miltenyi Biotec) at 4°C. After two washes, bound cells 
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were separated using appropriate columns placed in a strong magnetic field 
(MidiMACS, Miltenyi Biotec). Peritoneal exudate macrophages were obtained from 
animals injected intraperitoneally with 3 ml 3% thioglycollate (Sigma, St Louis, MO); 
macrophages were harvested from the peritoneal cavity 4 days after injection. 

5 Mitochondrial isolation 

T lymphocytes and thymocytes were centrifuged in complete AIM-V medium 
(AIM-V plus 55 fiM 2-mercaptoethanol, Sigma) at 1000 rpm for 5 min in a Beckman 
GPKR centrifuge. Medium was removed and cells washed in medium A (medium A: 
100 mM sucrose, 1 mM EGTA, 20 mM Hepes, pH 7.4, 1 g/L BSA) 3 times, centrifiiging 

10 at 1000 rpm at for 5 min between each wash. Cells were resuspended in 1 ml medium B 
(medium B: medium A plus 10 mM triethanolamine, 5% Percoll, 0.1 mg/ml digitonin) 
and incubated for 3 min at 4°C. The cells were homogenized with 10 strokes of a motor 
driven (500 rpm) glass-Teflon pestle. The homogenate was centrifoged at 2500 x g for 5 
min and the supernatant removed. The pellet was resuspended in 1 ml medium B and 

15 homogenized as described above. The homogenate was centrifuged at 2500 x G for 5 
min. The supernatant was removed and the pellet was resuspended in 20% sucrose, 10 
mM Tris and 0.1 mM EDTA and centrifuged at 18,000 x g for 30 min. The pellet was 
resuspended in 60% sucrose, 1 0 mM Tris and 0.05 mM EDTA. The suspension was 
layered with 53% sucrose, 10 mM Tris and 0.05 mM EDTA, which was layered with 

20 44% sucrose, 10 mM Tris and 0.05 mM EDTA. The sucrose step gradient was 

centrifuged at 141,000 x G for 2 h. Purified mitochondria settled at the 44/53 interface. 
The mitochondrial layer was removed, diluted in medium A without BSA and 
centrifuged at 1 8,000 x G for 30 min. The pellet was resuspended in 50 \i\ of medium A 
without BSA. 120mM CHAPS was added to the suspension to a final concentration of 

25 6 mM and vortexed. Medium A without BSA was added to the suspension to a final 
CHAPS concentration of 3 mM, vortexed continuously for 10 min and the protein 
concentration measured by the Bradford assay (Bio-Rad Laboratories, Hercules, CA). 
Equal concentrations of protein were loaded onto 1.9 ml 10-30% sucrose gradients and 
centrifuged at 35,000 rpm in a TLS55 rotor (Beckman Instruments, Fullerton, CA) for 

30 20.33 hr. Each gradient was fractionated into 10 x 200 \il fractions from the top and 
analyzed by SDS-PAGE. Gels were analyzed using either Western blotting or Sypro® 
Ruby protein stain (Molecular Probes, Eugene, OR) as described below. 
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Western blot analysis 

Single cell suspensions were isolated as described above and incubated in lysis 
buffer (150 mM NaCl, 50 mM HEPES, pH 7.6, 1% Brij 96, 2 mM EDTA, 1 mM 
benzamide, 1 mM PMSF, 1 mM NaVC>4, 20 mM NaF, leupeptin, 10 jig/ml, and antipain, 
5 10 jig/ml) at 4°C for 30 to 60 min. Lysates were centrifuged (8000 x G, 10 min) to pellet 
insoluble material. Supernatants (20 p.1) were added to and equal volume of SDS-loading 
buffer (20% glycerol, 6% 2-mercaptoethanol, 1.5% SDS, 62.5 mM Tris pH 6.8, 0.1% 
bromphenol blue) and then boiled for 5 min. Proteins were separated on a 12% SDS- 
polyacrylamide gel and transferred to PVDF membranes. Membranes were incubated 

1 0 overnight at 4°C with 5% non-fat dry milk (Bio-Rad) in Tris-buffered saline (TBS, pH 
7.6) and then incubated for 1 h at room temperature with appropriately diluted reagents 
in TBS containing 1% non-fat dry milk. Membranes were washed with TBS, and 
incubated with peroxidase-conjugated secondary antibody (goat anti-rabbit IgG with 
peroxidase, Boehringer Mannheim, Indianapolis, IN) in TBS. After three 10 minute 

15 washes with TBS, the immunoblots were developed using enhanced chemiluminescence 
(ECL) Western blotting detection reagents (Amersham, Piscataway, NJ) and exposed to 
Kodak X-Omat AR film. 

In vitro T cell stimulation 

Flat bottom 6- well culture plates (Falcon, Franklin Lakes, NJ) were incubated 

20 with 10 |^g/well anti-CD3 mAb, 10 jug/well anti-CD28 mAb, or both, in PBS at 4°C. 
After overnight incubation, plates were rinsed three times with PBS. Nylon wool- 
purified T cells were cultured in antibody-coated wells at 6 x 10 6 cells/well in 3 ml 
complete AIM-V media (AIM-V plus 55 (iM 2-mercaptoethanol, Sigma) for 17, 40, or 
68 hr in a humidified incubator at 37°C with 5% C0 2 . Un-stimulated cells were 

25 incubated in complete AIM-V alone. 

Sub-diploid DNA and cell cycle analysis 

The percentage of T cells with sub-diploid DNA was measured as described (I. 
Nicoletti, G. Migliorati, M. C. Pagliacci, F. Grignani, C. Riccardi,J.ImmunoLMethods 
139, 271-279 (1991)). Briefly, freshly isolated or in vitro stimulated lymph node T cells 
30 were washed twice with PBS and centrifuged at 1500 rpm for 5 min. Pellets (2 xlO 6 ) 
were resuspended in 200 jal of PBS, fixed in 70% cold ethanol, and stored at 4°C until 
used. At the time of analysis, cells were washed twice with PBS and incubated at 25°C 
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for 40 min in 500 pi of PBS containing 0.1% Triton X-100 and 50 p,g of RNase 
(Boehringer Mannheim, Indianapolis, IN). Propidium iodide (10 |ig, Sigma, St. Louis, 
MO) was added, and the suspension was incubated in the dark for 15 min. DNA content 
was determined by flow microfluorometry using a FACStarR® instrument (Becton 
5 Dickinson, San Jose, CA). Lymphoid cells were identified electronically by their forward 
and side light-scatter characteristics. For each analysis, a minimum of 10,000 events was 
analyzed. 

Determination of mitochondrial membrane potential (Ai|0 

Mitochondrial membrane potential (A\|/ m ) of thymocytes and T cells was 

10 measured by two- or three-color flow microfluorometry using MitoLight™ (Chemicon, 
Temecula, CA) alone or in combination with biotin-conjugated anti-aPTCR mAb. 
Mitolight™ was employed according to the manufacturer's instructions. It is a lipophilic 
cation with a cellular distribution similar to that of JC-1 . JC-l is a hydrophobic 
carbocyanine compound with delocalized positive charge that allows negative potential 

15 to drive its cellular distribution. When the concentration of JC-1 reaches a threshold, it 
forms aggregate, causing a shift in its absorbed and emitted fluorescence (S. T. Smiley et 
aL, Proc.NatlAcad.ScL U.S.A 88, 3671-3675 (1991)). Briefly, cell suspensions were 
adjusted to lxl 0 6 cells/ml and incubated with 0.5 p,g/ml Mitolight™ in medium supplied 
by the manufacturer for 1 5 minutes at 37°C in the dark. Cells were washed twice and 

20 suspended in the supplied buffer. In some experiments designed to analyze T cells only, 
1 x 10 6 viable cells were first incubated with biotin-conjugated anti-apTCR mAb for 30 
min on ice. Cells were then washed and incubated for an additional 30 minutes on ice 
with APC-conjugated streptavidin to visualize biotinylated mAb. For each experiment 
control and BBDP T cells were analyzed for both red and green fluorescence after 

25 Mitolight™ labeling. As a positive control for dissipation of A\|/ m , cells were incubated 
for 15 minutes in AIM-V medium at 37°C with the uncoupling reagent, carbonyl cyanide 
m-chlorophenyl-hydrazone (CCCP, 50 nM, Sigma), a protonophore that disrupts Ay m . 
To detect CS A mediated inhibition of A\\f m> cells were cultured with Cyclosporin A 
(Sigma, 4 (iM in DMSO) for 30 minutes at 37°C. Lymphoid cells were identified 

30 electronically by their forward and side light-scatter characteristics. For each analysis, a 
minimum of 10,000 events was analyzed. 
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High resolution fluorescence microscopy 

Nylon wool purified BBDP and BBDR lymph node T cells were placed on glass 
coverslips in a 37°C heated chamber in the presence of MitoLight™ mitochondria- 
specific dye (0.5 pg/ml, Chemicon, Temecula, CA). Images were acquired with a Nikon 
5 60x Plan-Apo, N.A. 1 .4, with the dye excited and recorded with a Texas red filter cube 
(treated as Texas red). Images of each field were acquired as a 3D stack of -16 wide- 
field "optical sections'' separated by 0.5 micron in the z (focus) dimension with a pixel 
size at the specimen of 0.166 micron. The stacked image file was then processed by 
deconvolution, deblurring. Data from a 3D stack of -16 sections were then projected 
10 onto a single plane for the resulting 3D projections, which show the general morphology 
of the cells. 

Mass Spectrometry 

Proteins resolved by SDS-PAGE were visualized by Sypro® Ruby protein stain. 
Bands were excised from the polyacrylamide gel and tryptically digested in-gel. The 

15 samples were analyzed by matrix-assisted laser desorption ionization-time of flight mass 
spectrometry (MALDI-TOF). For these analyses, digested samples were concentrated 
and desalted with Millipore Zip Tip C18 microtips (Millipore Corp., Bedford, MA). 
Peptide masses were determined using a Kratos Analytical Axima CFR MALDI-TOF 
spectrometer equipped with a curved field reflectron. Peptide masses were searched 

20 against the non-redundant protein database using MS-Fit of the Protein Prospector 
program available at http "donatello.ucsf.edu". Fragmentation data from individual 
peptides via postsource decay analysis were searched against the non-redundant protein 
database using the Protein Prospector MS-Tag routine. 

RNA interference assays 

25 RNA interference assays were performed using sub-confluent Jurkat cells 

(ATCC, Rockville, MD). The cells were plated onto flat bottom 12-well culture plates 
(Falcon 3043) at a density of 3 x 10 5 cells per well in 1 ml 10% FBS in RPML A 
predicted human Ian4 oligonucleotide (AAGGTGAAAGAGGTCTTTGGG) (SEQ ID 
NO: 11) was synthesized, purified, and duplexed by Xeragon Inc. (Huntsville, AL). For 

30 use as a negative control, the duplex siRNA (AATTCTCCGAACGTGTCACGT) (SEQ 
ID NO: 12) was designed and synthesized by Xeragon. The lyophilized siRNA was 
suspended in a supplied buffer according to the manufacturer's instructions. The 
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transfection vehicle Trans-TKO (6 \jA, Minis, Madison, WI) was added to aliquots of 
RPMI (50 and incubated for 15 min at room temperature, after which siRNA was 
added. After mixing gently for 20 min at room temperature, aliquots containing Ian4 
sIRNA, the control siRNA, or the transfection vehicle alone were added to each well. 
5 The final concentration of siRNA in each well was either 250 nM or 500 nM. Cells were 
then incubated for 48 hrs at 37° in a humidified atmosphere of 95% air, 5% C0 2 . At the 
end of the incubation, the percentage of cells with sub-diploid DNA was determined as 
above. 

Caspase inhibition 

10 Lymph node T cells from BBDP rats were prepared as described above and 

cultured in AIM-V medium in the presence or absence of varying concentrations of the 
caspase inhibitors Z-VAD-FMK, Z-VDVAD, Z-DEVD, D-IETD, and Z-LEHD obtained 
from R&D Systems (Minneapolis, MN). Inhibitors were used according to 
manufacturer's instructions. Cells were cultured for 17 hr at 37° in a humidified 

15 atmosphere of 95% air 5% C0 2 . Cells were then harvested, and the percentage of cells 
with sub-diploid DNA was determined as above. 

Statistics 

Parametric data are presented as arithmetic means ± 1 SD. Groups of 3 or more 
means were compared by oneway analysis of variance and the least significant 

20 differences procedure for a posteriori contrasts (N. H. Nie, C. H. Hull, J. G. Jenkins, K. 
Steinbrenner, D. H. Bent, Statistical package for the social sciences (McGraw-Hill, New 
York, ed. 2, 1975), pp. 1-675). Pairs of means were compared using two-tailed t-tests 
with separate variance estimates and the Bonferroni adjustment for multiple comparisons 
was applied as necessary (S. A. Glantz, Primer of biostatistics (McGraw-Hill, New 

25 York, 1981), p. 352). 

Example 1 . Generation of an anti-Ian4 antibody 

Polyclonal antiserum to detect Ian4 was generated against a KLH-conjugated 
peptide translated from GenBank accession number AC099444.2 that corresponds to 
residues 152-173 of rat Ian4S protein (AAL17698). This sequence would be absent from 
30 any truncated form of Ian4 that might have been translated in the BBDP rat (L. Hornum, 
J. R0mer, H. Markholst, Diabetes 51, 1972-1979 (2002)). 
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Example 2. Ian4 is expressed in thymocytes, lymph node T cells and B cells 

Lymphoid cells from non-diabetic Ian4' A BBDP rats (Hornum,L.,et al. Diabetes 
51, 1972-1979 (2002); MacMurray,AJ. etal GenomeRes. 12, 1029-1039 (2002); 
MordesJ.P. et al Animal models of diabetes: A primer. Sima^Ai 7 . & Shafrir,E. (eds), 
5 pp. 1-41 (Harwood Academic Publishers, Amsterdam,2001)) were compared with those 
isolated from control, non-lymphopenic WF and BBDRrats. The Ia?t4 frameshift 
mutation in the BBDP rat generates a truncated protein product that lacks the COOH- 
terminal transmembrane region required for mitochondrial membrane localization 
Hornum,L., R0mer,J. & MarkholstJL The diabetes-prone BB rat carries a frameshift 

10 mutation in Ian4, a positional candidate oiiddmL Diabetes 51, 1972-1979 (2002)). 
Western blotting of Ian4 +/ * BBDR and WF cell lysates with a polyclonal antibody to 
Ian4 revealed a -30 kD band in thymocytes, lymph node T cells, and B cells but not 
macrophages (Figure 1 A and B). Panel A shows thymocyte (Thy) and lymph node cell 
(LNC) lysates from Ian4 +/+ BBDR ("DR") and WF and Ian4* BBDP ("DP") rats. Panel 

1 5 B shows lymph node T cell, splenic B cell, and macrophage lysates from Ian4 +/ * BBDR 
and WPART2a rats (Mordes,J.P. et al The iddm4 locus segregates with diabetes 
susceptibility in congenic WF. iddm4 rats. Diabetes 51, 3254-3262 (2002)). Panel C 
shows purified mitochondrial lysates from T cells and thymocytes of Ian4 +/ * BBDR and 
WF and Ian4' A BBDP rats. Actin and cytochrome C were used as loading controls. No 

20 Ian4 was detected in lymphoid tissues of Ianf*' BBDP rats. Western blots also 

demonstrated Ian4 protein in purified mitochondria obtained from thymocytes and T 
cells of Ian4 +/+ but not Ian4' A Tats (Figure 1C). 

Example 3. Ian4 promotes mitochondrial membrane integrity 

Mitochondrial membrane potential (A\|/ m ) was measured in wild-type and Ianf*' T 
25 cells using a mitochondrion-specific dye, Mitolight™, which displays a green to red 
spectral shift proportional to A\|/ m (Smiley,S.T. et al Proc. Natl Acad. Sci. U. S. A 88, 
3671-3675 (1991)). High resolution digital fluorescence microscopy of cells from both 
Ian4~ A BBDP and Ian4 +/ * BBDR rats confirmed that the dye labels mitochondrial 
structures, with no detectable staining of other organelles. Mitochondrial structure 
30 appeared similar in T cells from Ian4~ A and Ian4* /+ rats. Panel A of Figure 2 shows A\|/ m 
of thymocytes from Ian4 +/+ (WF, BBDR) and Ian4' A (BBDP) rats; shown are the relative 
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percentages of cells fluorescing red (vertical axis, high Ay m ) and green (horizontal axis, 
low Axj/nO. The majority of thymocytes from both Ian4 +/ * and lanf*" rats display high 
A\j/ ra . Data are representative of two independent experiments. Panel B shows Ay m of 
lymph node T cells. Horizontal bars in histograms indicate gates used to identify 
5 apTCR + cells. The T lymphopenia of BBDP rats is evident. The dot plots show that the 
percentage of T cells with high A\|/ m was lower in Ian4~ A than in Ian4* /+ rats. Data are 
representative of three independent experiments; the complete dataset is shown in Figure 
3 A. Control incubations with the mitochondrial uncoupler CCCP uniformly reduced the 
percentage of T cells with high A\y m to ~4%. Quantitative analysis revealed that A\|/ ro 

10 was similar and normal in freshly isolated thymocytes from all three rat strains (Figure 
2A) but substantially lower in freshly isolated resting T cells from Ian4^' BBDP rats than 
in T cells from Ian^rais (Figure 2B and 3A). Panel A of Figure 3 shows peripheral T 
lymphocytes from Ian4 +/+ (WF and BBDR) rats and Ianf'~ (BBDP) rats were assayed 
for Ai|/ m at time of isolation (Time Zero) and after 17 hrs of culture. Shown are results of 

15 three independent experiments analyzed by ANOVA (*p<0.003 at time 0 and *p<0.006 
at 17 hrs vs. BBDR and WF). Panel B shows the percentage of cells with sub-diploid 
DNA in peripheral T lymphocytes from BBDR and BBDP rats was determined by 
propidium iodide staining and flow microfluorometry when isolated (Time Zero) and 
after 17 hrs of culture. Results shown are from three independent experiments. Panels C 

20 and D show Ian4~ A BBDP T cells incubated for 17 hrs with anti-CD3 plus anti-CD28 

mAbs (C) or for 30 min with cyclosporin A (D). Gates used to identify the percentage of 
cells with high A\j/ ro are indicated by horizontal bars. Data are representative of three 
independent experiments. Both activation and cyclosporin A rescued Ian?*' lymphocytes 
from loss of A\|/ m . The result suggests that loss of A\j/ m in Ian4 / " BBDP rat T cells occurs 

25 after thymic export. Kinetic analysis showed that the percentage of freshly isolated T 
cells with high A\|/ m did not change significantly in any of the strains during 17 hours of 
culture (Figure 3 A) . In contrast, the percentage of sub-diploid (apoptotic) lymph node T 
cells immediately after isolation was similar in lanf'' and wild-type rats (Figure 3B), but 
within 17 hours became significantly higher in lanf*' animals. 

30 The apoptosis of T cells from BBDP rats (Figure 3B) is reportedly prevented by 

activation (Ramanathan,S., Norwich,K. & Poussier,P. J. Immunol 160, 5757-5764 
(1998)) Activation in vitro normalized A\y m in these Ian4~ / ~ T cells (Figure 3C). The 
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result suggests that loss of A\|/ m is an early event in the pathway leading to spontaneous 
apoptosis in Ian4~ / ~ T cells. 

Maintenance of Avj/ m depends on mitochondrial membrane integrity and proper 
regulation of the permeability transition pore (PTP) (Scorrano,L., Nicolli,A., Basso,E., 
5 Petronilli,V. &Bernardi>. Mol CellBiochem. 174, 181-184 (1997)). The ability of 
Ian4 to help maintain normal PTP function was tested. Ian4~ A BBDP T cells were 
incubated in the presence of cyclosporin A, which prevents mitochondrial membrane 
pore transition (Scorrano,L., Nicolli,A., Basso JE., Petronilli,V. & Bernardi,P. Mol Cell 
Biochem. 174, 181-1 84 (1997)). Treatment of Ian4f T cells with cyclosporin A was 
1 0 associated with a rapid increase in the percentage of T cells with high A\|/ m (Figure 3D), 
suggesting that Ian4 may be involved in the regulation of the PTP. 

Example 4. Removal of Ian4 induces apoptosis. 

If Ian4 expression is required to prevent spontaneous apoptosis in T cells, its 
removal should induce apoptosis. This inference was confirmed using human Jurkat T 

1 5 cells. Transfection with siRNA specific to Ian4 increased the percentage of T cells with 
sub-diploid DNA, an effect not observed in non-transfected cells or in cells treated with 
transfection reagent alone or with non-specific control siRNA (Figure 4A). Panel A of 
Figure 4 shows transfection of Ian4-specific siRNA increased T cell apoptosis. Bars 
depict the percentage of cells with sub-diploid DNA after 48 hr of treatment. 

20 ^Statistically similar to each other and p<0.025 us-, each of the other 4 groups. The 

number of independent measurements is shown in parenthesis. Two other Ian4 siRNAs 
were less effective. Impairment of Ian4 translation in Jurkat T cells thus reproduces the 
spontaneous apoptosis of Ian4~ / ~BEDP T cells, the apoptotic phenotype of which is 
likely to be due specifically to loss of Ian4. 

25 Example 5. Expression of certain proteins is enhanced in Ian-/- cells 

The protein profiles of purified mitochondria from BBDP, BBDR, and WF cells 
were then compared. Analysis by velocity gradient centrifugation (Wilson-Fritch,L. et aL 
Mol Cell Biol 23, 1085-1094 (2003)) revealed proteins of -60, 100, and 130 kD that 
were over-represented in mitochondrial fractions from lanf*' T cells (Figure 4B). Panel 
30 B of Figure 4 shows purified mitochondrial proteins from Ia?i4 +/ * WF and Ian4~ / ' BBDP 
rat T cells resolved by SDS-PAGE. Bands 1, 2, and 5 were differentially expressed in 
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lanf* vs. Ianf*' T cells, excised, and identified by MALDI-TOF mass spectrometry. 
Not all differentially expressed bands were examined. Bands 3 and 4, which were 
similarly expressed, were excised to verify the purity of the mitochondrial isolation. 
Identities and gene identifiers for excised bands are indicated. Shown is one of two 
5 similar gels. 

No proteins were over-represented in Ianf'' thymus or liver mitochondrial extracts. 
MALDI-TOF mass spectrometry analysis identified the ~&0 and -100 kD proteins as the 
stress-inducible proteins hsp60 and GRP94, respectively (Figure 4B). The -130 kD 
protein was very similar to a putative mouse protein of unknown function with a 
10 predicted mass of 130 kD that is highly homologous to a human 130 kD leucine-rich 
protein upregulated in the HepG2 hepatoblastoma cell line (Hou,J., Wang,F. & 
McKeehan,WX. In Vitro Cell Dev. Biol Anim 30A, 111-114 (1994)). Mitochondrial 
proteins unaffected by the presence or absence of Ian4 included aconitase and hsp70 t 
(Figure 4B). 

15 Example 6. Apoptosis in the absence of Ian4 involves caspases 

These data suggest that absence of an Ian4-dependent signal in T cell mitochondria 
leads to indolent activation of intrinsic apoptosis pathways after thymic emigration. As 
many apoptotic pathways involve caspase activity, a general inhibitor of caspases, Z- 
VAD-ftnk, and specific inhibitors of caspases 2, 3, 8, and 9 in Ian4~ A T cells were tested. 

20 These four caspases reportedly exist as pro-enzymes in the mitochondrial intermembrane 
space (ParoneJP.A., James,D. & Martinou, J.C. Biochimie 84, 105-1 1 1 (2002)) and are 
released and activated by apoptotic stimuli (Qin,Z.H. et al Pro-caspase-8 is 
predominantly localized in mitochondria and released into cytoplasm upon apoptotic 
stimulation. J. Biol Chem. 276, 8079-8086 (2001)). Both the general caspase inhibitor 

25 and inhibitors of caspases 3 and 8 prevented apoptosis of Ian4^' T cells after 17 hr of 
culture. Inhibitors of caspases 2 and 9 were much less effective. The apparent lack of 
involvement of caspase 9 suggests that Ian4-mediated apoptosis is different from the 
classical intrinsic pathway or possibly that Ian4 is an unrecognized component of the 
extrinsic pathway, consistent with the ability of caspase 8 inhibitors to prevent apoptosis. 

30 Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
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routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
claims. 
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What is claimed is: 

1 . A method of specifically modulating apoptosis in a cell of lymphoid origin, 
comprising contacting the cell with a compound that modulates the expression or 
activity of an Ian-related gene or protein, such that apoptosis in the cell is specifically 
modulated. 

2. The method of claim 1 1 wherein the Ian gene or protein is Ian4. 

3 . The method of claim 1 , wherein the cell is a T cell. 

4. The method of claim 3, wherein the cell is a GD4+ cell. 

5. The method of claim 3, wherein the cell is a CD8+ cell. 

6. The method of claim 1, wherein apoptosis is downmodulated. 

7. The method of claim 1, wherein apoptosis is upmodulated. 

8. The method of claim 1 , wherein the cell has previously received a signal that 
induces apoptosis. 

9. The method of claim 1 , wherein the compound modulates mitochondrial 
permeabilization. 

10. The method of claim 9, wherein the compound modulates inner mitochondrial 
membrane permeabilization. 

1 1 . The method of claim 1 , wherein the compound modulates the release of 
apoptogenic factors from mitochondria within the cell. 

12. The method of claim 1 1, wherein the apoptogenic factor is procaspase-2, 
procaspase-3, procaspase-8, procaspase-9, cytochrome-c, Smac/Diablo, AIF, or 
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endonuclease G. 

13. A method of treating an autoimmune disease, comprising contacting a cell of 
lymphoid origin with a compound that modulates the expression or activity of an Ian 
gene or protein, such that apoptosis is modulated and the autoimmune disease is treated. 

14. The method of claim 13, wherein the autoimmune disease is diabetes. 

15. The method of claim 13, wherein the Ian gene or protein is Ian4. 

1 6. The method of claim 1 5, wherein the expression or activity of Ian4 is 
upmodulated. 

17. The method of claim 13, wherein the compound modulates mitochondrial 
membrane permeabilization. 

18. The method of claim 17, wherein the compound modulates inner mitochondrial 
membrane permeabilization. 

19. The method of claim 1 3, wherein the compound modulates the release of an 
apoptogenic factor from mitochondria within the cell. , 

20. The method of claim 19, wherein the apoptogenic factor is procaspase-2, 
procaspase-3, procaspase-8, procaspase-9, cytochrome-c, Smac/Diablo, AIF, or 
endonuclease G. 

21 . A method of treating neoplasia, comprising contacting a neoplastic cell of 
lymphoid origin with a compound that modulates the expression or activity of an Ian- 
related gene or protein, such that apoptosis is modulated and neoplasia is treated. 

22. The method of claim 2 1 , wherein the Ian gene or protein is Ian4. 

23. The method of claim 22, wherein the compound modulates mitochondrial 
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membrane penneabilization. 

24. The method of claim 23, wherein the compound modulates inner mitochondrial 
membrane penneabilization. 

25. The method of claim 22, wherein the compound modulates the release of an 
apoptogenic factor from mitochondria within the cell 

26. The method of claim 25, wherein the apoptogenic factor is procaspase-2, 
procaspase-3, procaspase-8, procaspase-9, cytochrome-c, Smac/Diablo, AIF, or 
endonuclease G. 

27. A method of modulating receptor-independent apoptosis, comprising contacting 
a cell of lymphoid origin with a compound that modulates the expression or activity of 
caspase 8, such that receptor-independent apoptosis is modulated. 

28. The method of claim 27, wherein the cell is a T cell. 

29. A method of treating an autoimmune disease, comprising contacting a cell of 
lymphoid origin with a compound that modulates the expression or activity of caspase 8, 
such that receptor-independent apoptosis is modulated and the autoimmune disease is 
treated. 

30. The method of claim 29, wherein the autoimmune disease is diabetes. 

31. A method of modulating apoptosis, comprising contacting a cell of lymphoid 
origin with a compound that modulates the expression or activity of the leucine-rich 
protein of 130kD, hsp60, GRP78 or GRP94, such that apoptosis is modulated. 

32. A method of treating an autoimmune disease, comprising contacting a cell of 
lymphoid origin with a compound that modulates the expression or activity of leucine 
rich protein of 130kD, hsp60, GRP78 or GRP94, such that apoptosis is modulated and 
the autoimmune disease is treated. 

33. A method of treating neoplasia, comprising contacting a cell of lymphoid origin 
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with a compound that modulates the expression or activity of leucine rich protein of 
130kD, hsp60, GRP78 or GRP94, such that apoptosis is modulated and neoplasia is 
treated. 

34. A method for identifying a compound that modulates the expression or anti- 
apoptotic activity of an Ian gene or protein, comprising: 

contacting a cell expressing a functional or nonfuctional Ian gene or protein with 
a test compound and; 

determining the ability of the test compound to modulate the expression or anti- 
apoptotic activity of the Ian gene or protein to thereby identify a compound that 
modulates the expression or anti-apoptotic activity of the Ian gene or protein. 

35. The method of claim 34, wherein the Iari gene or protein is Ian4. 

36. The method of claim 34, further comprising subjecting the cell to a signal that 
induces apoptosis. 

37. The method of claim 34, wherein the ability of the test compound to modulate 
the expression or anti-apoptotic activity of the Ian gene or protein 4 is determined by 
measuring apoptosis in the cell. 

38. The method of claim 34, wherein the ability of the test compound to modulate 
the expression or anti-apoptotic activity of the Ian gene or protein is determined by 
measuring a change in the membrane permeabilization of mitochondrial membranes in 
the cell. 

39. The method of claim 38, wherein the permeabilization of the inner mitochondrial 
membrane is measured. 

40. The method of claim 39, wherein the membrane permeabilization of 
mitochondrial inner membranes is measured by determining mitochondrial inner 
membrane potential. 
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41 . The method of claim 34, wherein the ability of the test compound to modulate 
the expression or anti-apoptotic activity of the Ian gene or protein is determined by 
measuring the release of an apoptogenic factor from mitochondria within the cell. 

42. The method of claim 41, wherein the apoptogenic factor is procaspase-2, 
procaspase-3, procaspase-8, procaspase-9, cytochromes, Smac/Diablo, AIF, or 
endonuclease G. 

43. The method of claim 34, wherein the cell is engineered to express a heterologous 
nucleic acid molecule encoding a functional or non-functional Ian protein. 

44. A method of identifying compounds which modulate apoptosis in a cell of 
lymphoid origin, comprising: 

contacting a cell which expresses a functional or non-functional form of an Ian- 
protein with a compound; 

determining the effect of the compound on apoptosis, to thereby identify a 
compound that modulates apoptosis in the cell. 

45. The method of claim 44 wherein the Ian protein is Ian4. 

46. The method of claim 44, wherein apoptosis is increased. 

47. The method of claim 44, wherein apoptosis is decreased. 

48. The method of claim 44, further comprising subjecting the cell to a signal that 
induces apoptosis. 

49. The method of claim 44, wherein the ability of the test compound to modulate 
apoptosis is determined by measuring apoptosis in the cell. 

50. The method of claim 44, wherein the ability of the test compound to modulate 
apoptosis is determined by measuring a change in the membrane permeabilization of 
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mitochondria in the cell. 

5 1 . The method of claim 44, wherein the permeabilization of the inner mitochondrial 
membrane is measured. 

52. The method of claim 44, wherein the membrane permeabilization of 
mitochondrial membranes is measured by determining mitochondrial inner membrane 
potential. 

53 . The method of claim 34, wherein the ability of the test compound to modulate 
apoptosis is determined by measuring the release of an apoptogenic factor from 
mitochondria within the cell. 

54. The method of claim 53, wherein the apoptogenic factor is procaspase-2, 
procaspase-3, procaspase-8, procaspase-9, cytochrome-c, Smac/Diablo, AIF, or 
endonuclease G. 

55. The method of claim 34, wherein the ability of the test compound to modulate 
apoptosis is determined by measuring the expression or activity of a component of the 
receptor-independent apoptotic pathway. 

56. The method of claim 34, wherein the ability of the test compound to modulate - - 
apoptosis is determined by measuring the expression or activity of the leucine-rich 
protein of 130kD, hsp60, GRP78 or GRP94. 

57. A method for identifying a compound that modulates the receptor-independent 
pro-apoptotic activity of caspase 8, comprising: 

contacting a cell expressing caspase 8 with a test compound and; 

determining the ability of the test compound to modulate the receptor- 
independent pro-apoptotic activity of caspase 8 to thereby identify a compound that 
modulates the receptor-independent pro-apoptotic activity of caspase 8. 

58. The method of claim 57, wherein the ability of the test compound to modulate 
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the receptor-independent pro-apoptotic activity of caspase 8 is determined by measuring 
apoptosis in the cell. 

59. The method of claim 58, wherein the ability of the test compound to modulate 
the receptor-independent pro-apoptotic activity of caspase 8 is determined by measuring 
a change in the membrane permeabilization of mitochondrial membranes in the cell. 

60. The method of claim 59, wherein the permeabilization of the inner mitochondrial 
membrane is measured. 

61 . The method of claim 60, wherein the membrane permeabilization of 
mitochondrial inner membranes is measured by determining mitochondrial inner 
membrane potential. 

62. The method of claim 57, wherein the ability of the test compound to modulate 
apoptosis is determined by measuring the release of an apoptogenic factor from 
mitochondria within the cell. 

63. The method of claim 62, wherein the apoptogenic factor is procaspase-2, 
procaspase-3, procaspase-8, procaspase-9, cytochrome-c, Smac/Diablo, AIF, or 
endonuclease G. 

64. The method of claim 57, wherein the ability of the test compound to modulate 
apoptosis is determined by measuring the expression or activity of a component of the 
recertor-independent apoptotic pathway. 

65. The method of claim 64, wherein the ability of the test compound to modulate 
apoptosis is determined by measuring the expression or activity of the leucine rich 
protein of 130kD, hsp60, GRP78 or GRP94. 

66. A method for identifying a compound that modulates the expression or anti- 
apoptotic activity of an Ian gene or protein, comprising: 

administering a test compound to a model organism with a mutant Ian phenotype; 
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determining the ability of the test compound to rescue the mutant Ian phenotype 
to thereby identify a compound that modulates the expression or anti-apoptotic activity 
of the Ian gene or protein. 

67. The method of claim 66, wherein the Ian gene or protein is Ian4. 

68. The method of claim 66, further comprising subjecting the organism to a signal 
that induces apoptosis. 

69. A method of identifying a compound that modulates apoptosis in a cell of 
lymphoid origin, comprising: 

administering a test compound to an animal model with a mutant Ian phenotype; 
determining the ability of the test compound to rescue the mutant Ian phenotype, to 
thereby identify a compound that modulates apoptosis in the cell. 

70. The method of claim 69, wherein the Ian protein is Ian4. 

7 1 . The method of claim 69, further comprising subjecting the animal model to a 
signal that induces apoptosis. 

72. A method for identifying a compound capable of treating an autoimmune 
disorder characterized by lymphopenia, comprising: 

administering a test compound to a animal model with a mutant Ian phenotype; 
determining the ability of the test compound to rescue the mutant Ian phenotype, to 
thereby identify a compound capable of treating a disorder characterized by 
lymphopenia. 

73. The method of claim 72, wherein the Ian protein is Ian4. 

74. The method of claim 72, further comprising subjecting the animal model to a 
signal that induces apoptosis. 

75. The method of claim 72, wherein the disorder is diabetes. 
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76. A method for identifying a compound capable of treating a neoplastic disorder of 
lymphoid origin characterized by aberrant Ian expression, comprising: 

administering a test compound to a non-human transgenic organism capable of 
overexpressing an Ian protein; determining the ability of the test compound to rescue the 
mutant Ian phenotype, to thereby identify a compound capable of treating a neoplastic 
disorder of lymphoid origin. 

77. The method of claim 76, wherein the Ian protein is Ian4. 

78. The method of claim 72, further comprising subjecting the organism to a signal 
that induces apoptosis. 

79. The method of claim 72, wherein the neoplastic disorder is leukemia, acute 
lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell 
lymphoma, Hodgkins lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma and 
Burkett's lymphoma. 

80. A method for deteraiining if a subject is at risk for an autoimmune disorder 
characterized by lymphopenia comprising detecting, in a sample of cells from the 
subject, the presence or absence of a genetic lesion, wherein the genetic lesion is 
characterized by an alteration affecting the misexpression of the Ian gene. 

8 1 . The method of claim 80, wherein the Ian protein is Ian4. 

82. The method of claim 81, wherein the disorder is diabetes. 

83. A method for determining if a subject is at risk for a neoplastic disorder 
characterized by Ian overexpression comprising detecting, in a sample of cells from the 
subject, the presence or absence of a genetic lesion, wherein the genetic lesion is 
characterized by an alteration affecting the integrity of a gene encoding an Ian protein or 
overexpression of the Ian gene. 

84. The method of claim 83, wherein the Ian protein is Ian4. 
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85. The method of claim 81, wherein the disorder is leukemia, acute lymphocytic 
leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkins 
lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma and Burkett's lymphoma. 
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Figure 1 
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Figure 2 
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Figure 4 
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SEQUENCE LISTING 
<110> University of Massachusetts et al. 
<120> MODULATION OF APOPTOSIS 

<130> UMY-047PC 

<150> 60/476550 
<151> 2003-06-06 

<150> 60/478234 
<151> 2003-06-13 

<160> 10 

<170> FastSEQ- for Windows Version 4.0 

<210> 1 

<211> 1812 

<212> DNA 

<213> Homo sapiens 

<400> 1 

gttcccaatc agtttccagc caacaccagg gtgtcctagt ccgcagaggt gtgggggaca 60 

cactccataa tctctacttt tctttttgtg cagctgagtc atggagcttt cagccccagc 120 

acatggctcc tccttaactg cgtctgctca acctccctca gccctgtgaa cagcatcccc 180 

gcacacagac gcagagcagg actctctctg ctgccacttc accttcctga gagaggacca 240 

gcggccagag cctcagtgac tgccaccctg gaggacaggg cacaacaacc gtttctggag 300 

agaatgggag gattccagag gggcaaatat ggaactatgg ctgaaggtag atcagaagat 360 

aacttgtctg caacaccacc ggcattgagg attatcctag tgggcaaaac aggctgcggg 420 

aaaagtgcca cagggaacag catccttggc cagcccgtgt ttgagtccaa gctgagggcc 480 

cagtcagtga ccaggacgtg ccaggtgaaa acaggaacat ggaacgggag gaaagtcctg 540 

gtggttgaca cgccctccat ctttgagtca caggccgata cccaagagct gtacaagaac 600 

atcggggact gctacctgct ctctgccccg gggccccacg tcctgcttct ggtgatccag 660 

ctggggcgtt tcactgctca ggacacagtg gccatcagga aggtgaaaga ggtctttggg 720 

acaggggcca tgagacatgt ggtcatcctc ttcacccaca aagaggactt agggggccag 780 

gccctggatg actatgtagc aaacacggac aactgcagcc tgaaagacct ggtgcgggag 840 

tgtgagagaa ggtactgtgc cttcaacaac tggggctctg tggaggagca gaggcagcag 900 

caggcagagc tcctggctgt gattgagagg ctggggaggg agcgagaggg ctccttccac 960 

agcaatgacc tcttcttgga tgcccagctg ctccaaagaa ctggagctgg ggcctgccag 1020 

gaagactaca ggcagtacca ggccaaagtg gaatggcagg tggagaagca caagcaagag 1080 

ctgagggaga acgagagtaa ctgggcatac aaggcgctcc tcagagtcaa acacttgatg 1140 

cttttgcatt atgagatttt tgtttttcta ttgttgtgca gcatactttt tttcattatt 1200 

tttctgttca tctttcatta catttaaatc tctggaccct ggagcacttc taatgtatca 1260 

ccccatggag tcattgttct aataatcacc aattcagact cagatcctcg tggtctatgg 1320 

agcatgctgc ttgctgtctg tgcagctccc atttcccctt cttcctgata gacttggagc 1380 

tgtgtgcctc cactccaagg ctgcctgcct gctgtaaaca ctattccact ctgtctgcca 14 4 0 

acaactgctt caggaatggg cctgagatcc catgcaggtc cctgagaagt gagtaaaagt 1500 

ccgcagaggt ggggatggaa gatctctcct tagatagaac ctgtcttcct ccctggcatt 1560 

gtggggtctg ggcgtgacac tgggactctc agcagctttg tgctgccaac ctgagattga 1620 

aggcagtgcc tcagagcagc acagagagtt ggggccccct gagccctgag ccaccagccc 1680 

tgcagcctgc cctatctccg catttccagt tgtattagcc aatagatttc ctacttattt 1740 

aagctatttg agctccgggt ctcttctacc tgcattctaa aacattcaaa gtaataaaaa 1800 

tttctccaca tt 1812 

<210> 2 
<211> 307 
<212> PRT 
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<213> Homo sapiens 
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<210> 3 

<211> 4782 

<212> DNA 

<213> Homo sapiens 

<400> 3 

aagtttttaa tgatacctgc cgctcaggtg 
ttacgtagtt gtggttctct cttgcctgaa 
cataggatat gggacacact tcagaaatta 
gctttactta aagtctatct tcaaaatgaa 
aaaatggagg aagcaaacat tcaaccaaat 
tattgtaatg taggagatat tgaaggtgcc 
gatctcccag ttacagaggc agtattcagt 
gatatggaga atgcagaaaa cattctcaca 
ccagacacat acctcgcatt attgaatgca 
aagcagactc tggagaaggt ggagaagttc 



gcctaggtgg tagtcatgcc ttgcttctac 60 

ctaaagcttg aagagagaac agaatttgct 120 

ggtgctgtgt atgatgtgag tcactataat 180 

tataaattct caccaactga tttcctggca 240 

cgagtgacat accagagatt gattgcttct 300 

agcaagattc ttggatttat gaaaactaag 360 

gcccttgtga cagggcatgc cagagctggt 420 

gtgatgagag atgccggaat tgagcctggt 480 

tatgctgaga agggcgacat tgaccatgtt 540 

gagcttcacc ttatggaccg tgatttactg 600 
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caaattattt ttagcttcag taaagctggg 
aagtttacat gtgaaagaag atatattcca 
actgaaaaat tggaagatgt agcgttgcaa 
gatggcccaa gtgtctttgg cagtttcttt 
gtggagaagc taacagacta ctgtaagaag 
ctgcagttca ccctccattg tgctttactc 
atgaaggctg tgaaggagga aggttttcct 
gttggacgtc ggaaggaaaa aaatgttcaa 
gaattgggag tacatcctga tcaggaaaca 
agtgtaaact cagcacgagc cattttgcag 
ttttctcaag ctggattgag aagtgaagca 
tttttgaaat caaatacatt gcccatctcg 
ggcttcagga ggtctatgaa tataaatgtt 
gatggacgtt attgccagga gcctcgagga 
aacttgattg acagcatgag tgactcagag 
tacttccatc agctggagaa gatgaatgta 
cgtaatctcc tggaaagcta ccatgttcct 
gagcgtaaga atttagactt tcaaaaaact 
acacttgaaa cactaaaagc tgaaaatcaa 
ttagtgcttt gttcagaaga gaatatgcaa 
tccgacatgg ttactggtgg ctatgcagct 
gtagaagatg ccttgaactt gaaagaagaa 
gacaccggca actatctagg ccttgtaaga 
gctattaaga ttctgaagga gatgaaagag 
ttgtcctttt tccacatgct aaatggcgca 
cagttgcatg aagccatcgt gactctaggg 
ccattggtca ctgtacactt ggaaaagggc 
gactgctatg aaaagtataa agtattacca 
gagaaaggcg agactgatct aattcagaaa 
gaaatggtga tgctctatga tctcttcttt 
gccaagaaga tcattgagac tccagggatt 
tgtgacagat gtgttgcaaa taatcaggtt 
cagaagctat ttgaatgtga tagagaccag 
ataaacggtg actggcaaag agctgatgca 
attcctcgtg aaaagacatt aagattatta 
gttccgtttg acgtacctga gttgtggtat 
tcagcctcaa ccacagaacc tgatttccag 
caaaaaaaag gggcatatga tattttcctg 
gctgaaacct acagcaatct cattaaatta 
atggaagtga aagcattcgc ggagacccac 
aacagccgcc tcatcataac gcaagttagg 
ctgaaaacag tattggatca gcagcagacc 
caggcattgg ccatgaaggg tgatgttgaa 
ggactcgaag actccattgg actttcaaaa 
caaataaaga ataataacat agatgccgca 
gagaataaag tcattgaacc ccaatacttc 
gaggagcagt tggaaccagc agttgaaaag 
cagtttgcaa tttataaacc tgtcactgat 
gtggatgatg ccagagctct cctacagaga 
ttgttgttgt tcctccttag gaattctagg 
gtgttagaat tgattcctga attaaatgaa 
agctatgtct cagagaaaga tgtcacatct 
aagaatacaa aattggatga tctgtttcta 
ggagagcctg tccctttcat tgaaccccct 
agaaaattga gggaaaactc ttcttgaaat 
tgtgattctg tgtctacatg ttattttgaa 
ttctttatgt acttatgtat gtgtgatgca 
gcacttggtt attggacatt tttggagttt 
tcaatgctgc tgctgtgtga agccatactt 
tttccctgct ctgtttcatt tatttcatta 
attagtctgc tgtttctctg aaaaatttta 



tatctcagta tgtctcagaa attttggaaa 660 
gatgcaatga acctcatttt acttttagtc 720 
attttactag catgccccgt atcaaaggaa 780 
ttacaacact gtgtgactat gaatacgcct 840 
ttaaaggaag tccagatgca ctcctttcct 900 
gccaataaaa ctgatttggc aaaagcctta 960 
atcagacctc actatttctg gccattgcta 1020 
ggtataattg aaatcctcaa aggaatgcaa 1080 
tatacagatt atgtgattcc atgctttgat 1140 
gaaaatggat gtctgtctga tagtgatatg 1200 
gcaaatggga acttagactt tgtattatca 1260 
ctgcagtcta taagaagtag cctactgcta 1320 
tggagcgaga taacagaatt attgtacaag 1380 
ccgacggaag ctgttggcaa ttttctttat 1440 
gtacaggcca aggaggagca tttgagacaa 1500 
aaaattcctg aaaatatcta cagaggcatt 1560 
gaattgatta aggatgctca cttgttggtt 1620 
gtgcaactta catcatctga attggagtca 1680 
cctataagag atgtcctaaa gcaactcata 1740 
aaagcccttg aattgaaagc aaaatatgaa 1800 
ttaataaatt tatgctgtcg acatgataaa 1860 
tttgaccgct tagattcatc tgctgtcctt 1920 
gtattggcaa agcatggcaa gctccaagat 1980 
aaggatgttc ttatcaaaga tacaacagcc 2040 
gctttaagag gtgaaattga aacagtaaaa 2100 
ttagcagaac catccaccaa cataagtttc 2160 
gacctatcta ctgctcttga ggtcgccatt 2220 
aggattcatg atgtcttgtg taaactggta 2280 
gcaatggact ttgtgagcca agaacaaggt 2340 
gccttcctac aaacaggaaa ttacaaagag 2400 
agagctcgat ctgcaaggct tcagtggttt 24 60 
gaaactctgg aaaaattagt ggagctgaca 2520 
atgtactaca atctgctaaa actgtataaa 2580 
gtctggaata aaatccaaga agaaaatgtt 2640 
gcagaaatcc ttagagaggg taaccaggaa 2700 
gaagatgaaa aacattccct gaattcttcg 27 60 
aaagatatat tgattgcctg ccgattgaac 2820 
aatgcaaaag agcaaaacat tgtgtttaat 2880 
ctgatgtcag aagattattt tacacaagca 2940 
atcaagggct tcacactgaa cgatgctgcc 3000 
cgggattatt tgaaagaggc tgtgacaaca 3060 
ccttctaggt tagcagtgac ccgtgtcatc 3120 
aacatagaag tagttcagaa gatgttaaat 3180 
atggttttca tcaataacat tgctttggct 3240 
atagaaaaca ttgaaaatat gcttacttca 3300 
ggcttggcat acttattcag aaaagtaata 3360 
ataagcatca tggcggagag attggccaat 3420 
tttttccttc aacttgtgga tgcaggcaag 34 80 
tgtggtgcaa ttgctgaaca aaccccgatt 3540 
aaacaaggaa aggcatcaac tgtgaaatct 3600 
aaggaagaag catacaattc cctcatgaaa 3660 
gctaaagcac tgtatgaaca tttgactgca 3720 
aagcgttacg catctttgct gaagtatgct 3780 
gaaagctttg aattttatgc acagcagcta 3840 
aaccaggcga tactttgttt tgtatatatt 3900 
gtatatctga gggaaaaata aatgaaaatt 3960 
tgttcaaagt cttattgacc ataactctgt 4020 
tttctctggg aaaaatcgat agtgttttct 4080 
ttcaggattc ttccctaatt ggctctttgg 4140 
aaatgttatt cctttattta agattcactt 4200 
gagctaggta tagtgaccgt gaacttctaa 4260 
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cgcataatat ctgtgataca gccattccgt acatgtgtga gtctgcataa ctttcgaact 4320 

ttcgaacttt gttaaatgtt ggcactagga gtcatcagat ctaggattca tcattttcca 4380 

gtgagaagca gagacccaaa ggcctgttac ttgtgcttgg tcaggggact gtctgtcatg 4 440 

cctggaggct cttcggcaca cttccccatc tttcccttct gccactgtgg cttcaagcac 4 500 

ctctgttcat agagcgtctc tgaaattgag tctcggtcat gacttatccc gaagtagagc 4 560 

aatgtgtttc ctctcattgt agtttcagga ctttgtcagt acaagctctg ccctaggctt 4 620 

cttactttat actcatatcc tgaaaagatg tgatttcatc tatgaagggg taaaatattg 4 680 

gtttgtattt aattgtttga aataaaagtg atccctataa aaaaaaaaaa aaaaaaaaaa 4740 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 4782 

<210> 4 
<211> 1273 
<212> PRT 

<213> Homo sapiens 
<400> 4 



Met 


Pro 


Cys 


f ne 


Tyr 


Leu 


Arg 


oer 


Cys 


fZl \r 

oxy 


Ocl 


bcU lieu rlO blU Leu 


1 








b 










• i n 

1U 




ID 


Lys 


Leu 


GlU 


GlU 


Arg 


inr 


GlU 


Fne 


Aia 


rilS 


Arg 


lie i rp Asp i nr .Leu 








OA 


















bin 


Lys 


Leu 


Pi,, 

biy 


Ala 


vai 


Tyr 


Asp 


vai 


Ser 


rilS 


i yr ftSu Aio jjeu jjeu 






3d 




















i>ys 


■17- 1 

vai 


Tyr 


Leu 


Gin 


Asn 


GlU 


Tyr 


Lys 


tue 


Ser 


rrxu ±nx risp rMie lcu 
























t>U 


Ala 


Lys 


Met 


fin 

GlU 




/iia 


Asn 


ne 


vjj.n 


Pro 


Asn 


rixg vcix i ii-L x yr vjxii 


DO 










/ u 










/ J 


ou 


Arg 


Leu 


x xe 


a 1 a 


Ser 


Tyr 


Cys 


Asn 


Val 
V dJ- 


oiy 


nop 


Tl Gin fil v Ala Ipt 
lie uiu uiy ct 










ft r 

DO 
















Lys 


Tie* 


Leu 


pi., 

bxy 


rne 


wet 


Lys 


inr 


_ 

Lys 


Asp 




Prr> Val Thr fil n Ala 
c L\j vox nix oiu riXd 








t on 










1UJ 






11U 


Val 

V gI-L 




C ca v- 
OCX 


Al a 
Ala 


Leu 


vai 


Thr 


oiy 


His 


Ala 


Arg 


Ala fil v A<?n Mpt Glu 

nxa \3Ajf riOM liCU VJ -L. vl 






lit; 


















1 


7\ o n 


TV I 




Asn 


Tip, 


L6U 


1 nx 


val 


L'JfcJ U 


Arg 


Asp 


Ala Rl v Tl<=» Glu Pro 














-L -J D 










XIV 


Gly 


Pro 


Asp 


Thr 


Tyr 


Leu 


Ala 


Leu 


Leu 


Asn 


Ala 


Tyr Ala Glu Lys Gly 


145 










150 










155 


160 


Asp 


lie 


Asp 


His 


Val 


Lys 


Gin 


Thr 


Leu 


Glu 


Lys 


Val Glu Lys Phe Glu 










165 










170 




175 


Leu 


His 


Leu 


Met 


Asp 


Arg 


Asp 


Leu 


Leu 


Gin 


He 


He Phe Ser Phe Ser 








180 










185 






190 


Lys 


Ala 


Gly 


Tyr 


Leu 


Ser 


Met 


Ser 


Gin 


Lys 


Phe 


Trp Lys Lys Phe Thr 






195 










200 








205 


Cys 


Glu 


Arg 


Arg 


Tyr 


He 


Pro 


Asp 


Ala 


Met 


Asn 


Leu He Leu Leu Leu 




210 










215 










220 


Val 


Thr 


Glu 


Lys 


Leu 


Glu 


Asp 


Val 


Ala 


Leu 


Gin 


He Leu Leu Ala Cys 


225 










230 










235 


240 


Pro 


Val 


Ser 


Lys 


Glu 


Asp 


Gly 


Pro 


Ser 


Val 


Phe 


Gly Ser Phe Phe Leu 










245 










250 




255 


Gin 


His 


Cys 


Val 


Thr 


Met 


Asn 


Thr 


Pro 


Val 


Glu 


Lys Leu Thr Asp Tyr 








260 










265 






270 


Cys 


Lys 


Lys 


Leu 


Lys 


Glu 


Val 


Gin 


Met 


His 


Ser 


Phe Pro Leu Gin Phe 






275 










280 








285 


Thr 


Leu 


His 


Cys 


Ala 


Leu 


Leu 


Ala 


Asn 


Lys 


Thr 


Asp Leu Ala Lys Ala 




290 










295 










300 


Leu 


Met 


Lys 


Ala 


Val 


Lys 


Glu 


Glu 


Gly 


Phe 


Pro 


He Arg Pro His Tyr 


305 










310 










315 


320 


Phe 


Trp 


Pro 


Leu 


Leu 


Val 


Gly 


Arg 


Arg 


Lys 


Glu 


Lys Asn Val Gin Gly 










325 










330 




335 


lie 


lie 


Glu 


He 


Leu 


Lys 


Gly 


Met 


Gin 


Glu 


Leu 


Gly Val His Pro Asp 








340 










345 






350 



-4- 



WO 2005/001052 



PCMJS2004/018142 



Gin Glu 

Ser Ala 
370 
Met Phe 
385 

Asp Phe 

Gin Ser 

He Asn 

Tyr Cys 
450 
Tyr Asn 
465 

Glu His 

He Pro 

His Val 

Asn Leu 
530 
Ser Thr 
545 

Leu Lys 

Ala Leu 

Tyr Ala 

Ala Leu 
610 
Leu Asp 
625 

Gly Lys 

Asp Val 

Asn Gly 

Glu Ala 
690 
Phe Pro 
705 

Leu Glu 

He His 

He Gin 

Met Leu 
770 
Glu Ala 
785 

Arg Leu 
Thr Leu 
Arg Asp 



He Arg 
420 
Val Trp 
435 

Gin Glu 



Thr Tyr Thr Asp Tyr Val 
355 " 360 
Arg Ala He Leu Gin Glu 
375 

Ser Gin Ala Gly Leu Arg 
390 

Val Leu Ser Phe Leu Lys 
405 

Ser Ser Leu Leu 

Ser Glu lie Thr 
440 

Pro Arg Gly Pro 
455 

Leu He Asp Ser Met Ser 
470 

Leu Arg Gin Tyr Phe His 
485 

He Tyr Arg Gly 

Leu He Lys Asp 
520 

Gin Lys Thr Val 
535 

Thr Leu Lys Ala 
550 

He Leu Val Leu 
565 

Lys Ala Lys Tyr 



Glu Asn 
500 
Pro Glu 
515 

Asp Phe 

Leu Glu 

Gin Leu 

Glu Leu 
580 
Ala Leu 
595 

Asn Leu 

Thr Gly 

Leu Gin 

Leu He 
660 
Ala Ala 
675 

He Val 

Leu Val 

Val Ala 

Asp Val 
740 
Lys Ala 
755 

Tyr Asp 

Lys Lys 

Gin Trp 

Glu Lys 
820 
Gin Met 



He Asn Leu Cys 
600 

Lys Glu Glu Phe 
615 

Asn Tyr Leu Gly 
630 

Asp Ala He Lys 
645 

Lys Asp Thr Thr 

Leu Arg Gly Glu 
680 

Thr Leu Gly Leu 
695 

Thr Val His Leu 
710 

He Asp Cys Tyr 
725 

Leu Cys Lys Leu 

Met Asp Phe Val 
760 

Leu Phe Phe Ala 
775 

He He Glu Thr 
790 

Phe Cys Asp Arg 
805 

Leu Val Glu Leu 
Tyr Tyr Asn Leu 



He Pro Cys 

Asn Gly Cys 

Ser Glu Ala 
395 

Ser Asn Thr 

410 * 
Leu Gly Phe 
425 

Glu Leu Leu 

Thr Glu Ala 

Asp Ser Glu 
475 

Gin Leu Glu 

490 
He Arg Asn 
505 

Ala His Leu 

Gin Leu Thr 

Glu Asn Gin 
555 

Cys Ser Glu 

570 
Glu Ser Asp 
585 

Cys Arg His 



Phe Asp 
365 
Leu Ser 
380 

Ala Asn 

Leu Pro 

Arg Arg 

Tyr Lys 
445 
Val Gly 
460 

Val Gin 

Lys Met 

Leu Leu 

Leu Val 
525 
Ser Ser 
540 

Pro He 
Glu Asn 
Met Val 



Asp Lys 
605 

Asp Arg Leu Asp Ser 
620 

Val Leu 



Leu Val Arg 
635 

He Leu Lys 
650 

Ala Leu Ser 
665 

He Glu Thr 

Ala Glu Pro 

Glu Lys Gly 
715 

Glu Lys Tyr 

730 
Val Glu Lys 
745 

Ser Gin Glu 

Phe Leu Gin 

Pro Gly He 
795 

Cys Val Ala 

810 
Thr Gin Lys 
825 

Leu Lys Leu 



Glu Met 
Phe Phe 



Val Lys 
685 
Ser Thr 
700 

Asp Leu 

Lys Val 

Gly Glu 

Gin Gly 
765 
Thr Gly 
780 

Arg Ala 
Asn Asn 
Leu Phe 
Tyr Lys 



Ser Val Asn 

Asp Ser Asp 

Gly Asn Leu 
400 

He Ser Leu 

415 
Ser Met Asn 
430 

Asp Gly Arg 

Asn Phe Leu 

Ala Lys Glu 
480 

Asn Val Lys 

495 
Glu Ser Tyr 
510 

Glu Arg Lys 

Glu Leu Glu 

Arg Asp Val 
560 

Met Gin Lys 

575 
Thr Gly Gly 
590 

Val Glu Asp 

Ser Ala Val 

Ala Lys His 
640 

Lys Glu Lys 

655 
His Met Leu 
670 

Gin Leu His 



Asn He Ser 

Ser Thr Ala 
720 

Leu Pro Arg 

735 
Thr Asp Leu' 
750 

Glu Met Val 

Asn Tyr Lys 

Arg Ser Ala 
800 

Gin Val Glu 

815 
Glu Cys Asp 
830 

He Asn Gly 
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835 840 845 

Asp Trp Gin Arg Ala Asp Ala Val Trp Asn Lys lie Gin Glu Glu Asn 

850 855 860 

Val lie Pro Arg Glu Lys Thr Leu Arg Leu Leu Ala Glu lie Leu Arg 
865 870 875 880 

Glu Gly Asn Gin Glu Val Pro Phe Asp Val Pro Glu Leu Trp Tyr Glu 

885 890 " 895 

Asp Glu Lys His Ser Leu Asn Ser Ser Ser Ala Ser Thr Thr Glu Pro 

900 905 910 

Asp Phe Gin Lys Asp He Leu lie Ala Cys Arg Leu Asn Gin Lys Lys 

915 920 925 

Gly Ala Tyr Asp He Phe Leu Asn Ala Lys Glu Gin Asn He Val Phe 

930 935 940 

Asn Ala Glu Thr Tyr Ser Asn Leu He Lys Leu Leu Met Ser Glu Asp 
945 950 955 960 

Tyr Phe Thr Gin Ala Met Glu Val Lys Ala Phe Ala Glu Thr His He 

965 970 975 

Lys Gly Phe Thr Leu Asn Asp Ala Ala Asn Ser Arg Leu He He Thr 

980 985 990 

Gin Val Arg Arg Asp Tyr Leu Lys Glu Ala Val Thr Thr Leu Lys Thr 

995 1000 1005 

Val Leu Asp Gin Gin Gin Thr Pro Ser Arg Leu Ala Val Thr Arg Val 

10.10 1015 1020 

He Gin Ala Leu Ala Met Lys Gly Asp Val Glu Asn He Glu Val Val 
1025 1030 1035 1040 

Gin Lys Met Leu Asn Gly Leu Glu Asp Ser He Gly Leu Ser Lys Met 

1045 1050 1055 

Val Phe He Asn Asn He Ala Leu Ala Gin He Lys Asn Asn Asn He 

1060 1065 1070 

Asp Ala Ala He Glu Asn lie Glu Asn Met Leu Thr Ser Glu Asn Lys 

1075 1080 1085 

Val He Glu Pro Gin Tyr Phe Gly Leu Ala Tyr Leu Phe Arg Lys Val 

1090 1095 ^ 1100 

He Glu Glu Gin Leu Glu Pro Ala Val Glu Lys He Ser He Met Ala 
1105 1110 1115 1120 

Glu Arg Leu Ala Asn Gin Phe Ala He Tyr Lys Pro Val Thr Asp Phe 

1125 1130 1135 

Phe Leu Gin Leu Val Asp Ala Gly Lys Val Asp Asp Ala Arg Ala Leu 

1140 1145 1150 

Leu Gin Arg Cys Gly Ala He Ala Glu Gin Thr Pro He Leu Leu Leu 

1155 1160 1165 

Phe Leu Leu Arg Asn Ser Arg Lys Gin Gly Lys Ala Ser Thr Val Lys 

1170 1175 ~ 1180 

Ser Val Leu Glu Leu He Pro Glu Leu Asn Glu Lys Glu Glu Ala Tyr 
1185 1190 1195 1200 

Asn Ser Leu Met Lys Ser Tyr Val Ser Glu Lys Asp Val Thr Ser Ala 

1205 1210 1215 

Lys Ala Leu Tyr Glu His Leu Thr Ala Lys Asn Thr Lys Leu Asp Asp 

1220 1225 1230 

Leu Phe Leu Lys Arg Tyr Ala Ser Leu Leu Lys Tyr Ala Gly Glu Pro 

1235 1240 1245 

Val Pro Phe He Glu Pro Pro Glu Ser Phe Glu Phe Tyr Ala Gin Gin 

1250 1255 1260 

Leu Arg Lys Leu Arg Glu Asn Ser Ser 
1265 1270 
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<400> 5 

cacgcttgcc gccgccccgc agaaatgctt cggttaccca cagtctttcg ccagatgaga 60 

ccggtgtcca gggtactggc tcctcatctc actcgggctt atgccaaaga tgtaaaattt 120 

ggtgcagatg cccgagcctt aatgcttcaa ggtgtagacc ttttagccga tgctgtggcc 180 

gttacaatgg ggccaaaggg aagaacagtg attattgagc agggttgggg aagtcccaaa 240 

gtaacaaaag atggtgtgac tgttgcaaag tcaattgact taaaagataa atacaagaac 300 

attggagcta aacttgttca agatgttgcc aataacacaa atgaagaagc tggggatggc 360 

actaccactg ctactgtact ggcacgctct atagccaagg aaggcttcga gaagattagc 420 

aaaggtgcta atccagtgga aatcaggaga ggtgtgatgt tagctgttga tgctgtaatt 480 

gctgaactta aaaagcagtc taaacctgtg accacccctg aagaaattgc acaggttgct 540 

acgatttctg caaacggaga caaagaaatt ggcaatatca tctctgatgc aatgaaaaaa 600 

gttggaagaa agggtgtcat cacagtaaag gatggaaaaa cactgaatga tgaattagaa 660 

attattgaag gcatgaagtt tgatcgaggc tatatttctc catactttat taatacatca 720 

aaaggtcaga aatgtgaatt ccaggatgcc tatgttctgt tgagtgaaaa gaaaatttct 780 

agtatccagt ccattgtacc tgctcttgaa attgccaatg ctcaccgtaa gcctttggtc 840 

ataatcgctg aagatgttga tggagaagct ctaagtacac tcgtcttgaa taggctaaag 900 

gttggtcttc aggttgtggc agtcaaggct ccagggtttg gtgacaatag aaagaaccag 960 

cttaaagata tggctattgc tactggtggt gcagtgtttg gagaagaggg attgaccctg 1020 

aatcttgaag acgttcagcc tcatgactta ggaaaagttg gagaggtcat tgtgaccaaa 1080 

gacgatgcca tgctcttaaa aggaaaaggt gacaaggctc aaattgaaaa acgtattcaa 1140 

gaaatcattg agcagttaga tgtcacaact agtgaatatg aaaaggaaaa actgaatgaa 1200 

cggcttgcaa aactttcaga tggagtggct gtgctgaagg ttggtgggac aagtgatgtt 1260 

gaagtgaatg aaaagaaaga cagagttaca gatgccctta atgctacaag agctgctgtt 1320 

gaagaaggca ttgttttggg agggggttgt gccctccttc gatgcattcc agccttggac 1380 

tcattgactc cagctaatga agatcaaaaa attggtatag aaattattaa aagaacactc 14 40 

aaaattccag caatgaccat tgctaagaat gcaggtgttg aaggatcttt gatagttgag 1500 

aaaattatgc aaagttcctc agaagttggt tatgatgcta tggctggaga ttttgtgaat 1560 

atggtggaaa aaggaatcat tgacccaaca aaggttgtga gaactgcttt attggatgct 1620 
gctggtgtgg cctctctgtt aactacagca gaagttgtag tcacagaaat tcctaaagaa 1680 

gagaaggacc ctggaatggg tgcaatgggt ggaatgggag gtggtatggg aggtggcatg 1740 

ttctaactcc tagactagtg ctttaccttt attaatgaac tgtgacagga agcccaaggc 1800 

agtgttcctc accaataact tcagagaagt cagttggaga aaatgaagaa aaaggctggc 1860 

tgaaaatcac tataaccatc agttactggt ttcagttgac aaaatatata atggtttact 1920 

gctgtcattg tccatgccta cagataattt attttgtatt tttgaataaa aaacatttgt 1980 

acattcctga tactgggtac aagagccatg taccagtgta ctgctttcaa cttaaatcac 204 0 

tgaggcattt ttactactat tctgttaaaa tcaggatttt agtgcttgcc accaccagat 2100 

gagaagttaa gcagcctttc tgtggagagt gagaataatt gtgtacaaag tagagaagta 2160 

tccaattatg tgacaacctt tgtgtaataa aaatttgttt aa 2202 

<210> 6 
<211> 573 
<212> PRT 

<213> Homo sapiens 



<400> 6 



Met 


Leu 


Arg 


Leu 


Pro 


Thr 


Val 


Phe 


Arg 


Gin 


Met 


Arg Pro Val Ser Arg 


1 








5 










10 




15 


Val 


Leu 


Ala 


Pro 


His 


Leu 


Thr 


Arg 


Ala 


Tyr 


Ala 


Lys Asp Val Lys Phe 








20 










25 






30 


Gly 


Ala 


Asp 


Ala 


Arg 


Ala 


Leu 


Met 


Leu 


Gin 


Gly 


Val Asp Leu Leu Ala 






35 










4 0. 








45 


Asp 


Ala 


Val 


Ala 


Val 


Thr 


Met 


Gly 


Pro 


Lys 


Gly 


Arg Thr Val He He 




50 










55 










60 


Glu 


Gin 


Gly 


Trp 


Gly 


Ser 


Pro 


Lys 


Val 


Thr 


Lys 


Asp Gly Val Thr Val 


65 










70 










75 


80 


Ala 


Lys 


Ser 


lie 


Asp 


Leu 


Lys 


Asp 


Lys 


Tyr 


Lys 


Asn He Gly Ala Lys 










85 










90 




95 


Leu 


Val 


Gin 


Asp 


Val 


Ala 


Asn 


Asn 


Thr 


Asn 


Glu 


Glu Ala Gly Asp Gly 








100 










105 






110 


Thr 


Thr 


Thr 


Ala 


Thr 


Val 


Leu 


Ala 


Arg 


Ser 


lie 


Ala Lys Glu Gly Phe 
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115 120 125 

Glu Lys lie Ser Lys Gly Ala Asn Pro Val Glu lie Arg Arg Gly Val 

130 135 140 

Met Leu Ala Val Asp Ala Val lie Ala Glu Leu Lys Lys Gin Ser Lys 
145 150 155 160 

Pro Val Thr Thr Pro Glu Glu lie Ala Gin Val Ala Thr He Ser Ala 

165 170 175 

Asn Gly Asp Lys Glu He Gly Asn He He Ser Asp Ala Met Lys Lys 

180 185 190 

Val Gly Arg Lys Gly Val He Thr Val Lys Asp Gly Lys Thr Leu Asn 

195 200 205 

Asp Glu Leu Glu He He Glu Gly Met Lys Phe Asp Arg Gly Tyr He 

210 215 220 

Ser Pro Tyr Phe He Asn Thr Ser Lys Gly Gin Lys Cys Glu Phe Gin 
225 230 235 240 

Asp Ala Tyr Val Leu Leu Ser Glu Lys Lys He Ser Ser lie Gin Ser 

245 250 255 

He Val Pro Ala Leu Glu He Ala Asn Ala His Arg Lys Pro Leu Val 

260 265 270 

He lie Ala Glu Asp Val Asp Gly Glu Ala Leu Ser Thr Leu Val Leu 

275 280 285 

Asn Arg Leu Lys Val Gly Leu Gin Val Val Ala Val Lys Ala Pro Gly 

290 295 300 

Phe Gly Asp Asn Arg Lys Asn Gin Leu Lys Asp Met Ala He Ala Thr 
305 310 315 320 

Gly Gly Ala Val Phe Gly Glu Glu Gly Leu Thr Leu Asn Leu Glu Asp 

325 330 335 

Val Gin Pro His Asp Leu Gly Lys Val Gly Glu Val He Val Thr Lys 

340 345 ~ 350 

Asp Asp Ala Met Leu Leu Lys Gly Lys Gly Asp Lys Ala Gin He Glu 

355 360 ~ 365 

Lys Arg He Gin Glu He He Glu Gin Leu Asp Val Thr Thr Ser Glu 

370 375 380 

Tyr Glu Lys Glu Lys Leu Asn Glu Arg Leu Ala Lys Leu Ser Asp Gly 
385 390 395 400 

Val Ala Val Leu Lys Val Gly Gly Thr Ser Asp Val Glu Val Asn Glu 

405 410 415 

Lys Lys Asp Arg Val Thr Asp Ala Leu Asn Ala Thr Arg Ala Ala Val 

420 425 430 

Glu Glu Gly He Val Leu Gly Gly Gly Cys Ala Leu Leu Arg Cys He 

435 440 ' 445 

Pro Ala Leu Asp Ser Leu Thr Pro Ala Asn Glu Asp Gin Lys He Gly 

450 455 460 

He Glu He He Lys Arg Thr Leu Lys He Pro Ala Met Thr He Ala 
465 470 475 480 

Lys Asn Ala Gly Val Glu Gly Ser Leu He Val Glu Lys He Met Gin 

485 490 495 

Ser Ser Ser Glu Val Gly Tyr Asp Ala Met Ala Gly Asp Phe Val Asn 

500 505 510 

Met Val Glu Lys Gly He He Asp Pro Thr Lys Val Val Arg Thr Ala 

515 520 525 

Leu Leu Asp Ala Ala Gly Val Ala Ser Leu Leu Thr Thr Ala Glu Val 

530 535 540 

Val Val Thr Glu He Pro Lys Glu Glu Lys Asp Pro Gly Met Gly Ala 
545 550 555 560 

Met Gly Gly Met Gly Gly Gly Met Gly Gly Gly Met Phe 
565 570 



<210> 7 
<211> 3925 
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<212> DNA 

<2l3> Homo- sapiens 

<400> 7 

acagcacaga cagattgacc tattggggtg 
cctgtatttc tagacctgcc cttcgcctgg 
ccgcctgcaa gtcggaaatt gcgctgtgct 
gctgctgccc aactggctgg caagatgaag 
ctcagcgcgg cgcgggccga ggaggaggac 
atcgacctgg ggaccaccta ctcctgcgtc 
atcgccaacg atcagggcaa ccgcatcacg 
gaacgtctga ttggcgatgc cgccaagaac 
tttgacgcca agcggctcat cggccgcacg 
aagttcttgc cgttcaaggt ggttgaaaag 
ggaggtgggc aaacaaagac atttgctcct 
atgaaagaaa ccgctgaggc ttatttggga 
ccagcctatt ttaatgatgc ccaacgccaa 
ctaaatgtta tgaggatcat caacgagcct 
aagagggagg gggagaagaa catcctggtg 
tctcttctca ccattgacaa tggtgtcttc 
ctgggtggag aagactttga ccagcgtgtc 
aagacgggca aagatgtcag gaaagacaat 
gaaaaggcca aacgggccct gtcttctcag 
tatgaaggag aagacttttc tgagaccctg 
gatctgttcc ggtctactat gaagcccgtc 
aagtctgata ttgatgaaat tgttcttgtt 
caactggtta aagagttctt caatggcaag 
gctgtagcgt atggtgctgc tgtccaggct 
gacctggtac tgcttgatgt atgtcccctt 
atgaccaaac tgattccaag gaacacagtg 
acagcttctg ataatcaacc aactgttaca 
acaaaagaca atcatcttct gggtacattt 
ggggtcccac agattgaagt cacctttgag 
gctgaagaca agggtacagg gaacaaaaat 
ctgacacctg aagaaatcga aaggatggtt 
aaaaagctca aggagcgcat tgatactaga 
aagaatcaga ttggagataa agaaaagctg 
accatggaaa aagctgtaga agaaaagatt 
attgaagact tcaaagctaa gaagaaggaa 
aaactctatg gaagtgcagg ccctccccca 
gagtjigtaga cactgatctg ctagtgctgt 
tgttaggaaa aaattgaaag aacttaagtc 
tggagttgaa actgctatag cctaagcggc 
catgtctttg ggtggggggg agaagaagaa 
tgggttaggg tgtgtgttca ccttcaaaat 
tggtgtagga agttttttct accataagtg 
tctaatgttt gtgagaagct tctaattaga 
agatactcgt gtgtggggtg aggggaggga 
tctatttaat gcttccaggg attttttttt 
tccttccacc tcagtctccc agctaattga 
ttttgcatta atctaagaaa aggggagaga 
gcatttcaca gtgcccaaga gtggggtttt 
tatctttcta aaactgcctt tctggtggct 
atagctgctt ggattctctg agaaatgatg 
tacacttgga tttcatttgt aactttagga 
tcagaatctc catccctgaa atttctcatt 
acattgaaac tacactaaat cccctcacta 
tcaaaactgg tttaggatta cttagattgt 
tatgatcaat aaaggacagg ctggtgctaa 
ttgggaggcc aaggcgggtg gatcacaagg 
ggtgaaactc catctctact gaaaatacaa 



tttcgcgagt gtgagaggga agcgccgcgg 60 
ttcgtggcgc cttgtgaccc cgggcccctg 120 
cctgtgctac ggcctgtggc tggactgcct 180 
ctctccctgg tggccgcgat gctgctgctg 240 
aagaaggagg acgtgggcac ggtggtcggc 300 
ggcgtgttca agaacggccg cgtggagatc 360 
ccgtcctatg tcgccttcac tcctgaaggg 420 
cagctcacct ccaaccccga gaacacggtc 480 
tggaatgacc cgtctgtgca gcaggacatc 540 
aaaactaaac catacattca agttgatatt 600 
gaagaaattt ctgccatggt tctcactaaa 660 
aagaaggtta cccatgcagt tgttactgta 720 
gcaaccaaag acgctggaac tattgctggc 780 
acggcagctg ctattgctta tggcctggat 840 
tttgacctgg gtggcggaac cttcgatgtg 900 
gaagttgtgg ccactaatgg agatactcat 960 
atggaacact tcatcaaact gtacaaaaag 1020 
agagctgtgc agaaactccg gcgcgaggta 1080 
catcaagcaa gaattgaaat tgagtccttc 1140 
actcgggcca aatttgaaga gctcaacatg 1200 
cagaaagtgt tggaagattc tgatttgaag 1260 
ggtggctcga ctcgaattcc aaagattcag 1320 
gaaccatccc gtggcataaa cccagatgaa 1380 
ggtgtgctct ctggtgatca agatacaggt 1440 
acacttggta ttgaaactgt gggaggtgtc 1500 
gtgcctacca agaagtctca gatcttttct 1560 
atcaaggtct atgaaggtga aagacccctg 1620 
gatctgactg gaattcctcc tgctcctcgt 1680 
atagatgtga atggtattct tcgagtgaca 1740 
aagatcacaa tcaccaatga ccagaatcgc 1800 
aatgatgctg agaagtttgc tgaggaagac 1860 
aatgagttgg aaagctatgc ctattctcta 1920 
ggaggtaaac tttcctctga agataaggag 1980 
gaatggctgg aaagccacca agatgctgac 2040 
ctggaagaaa ttgttcaacc aattatcagc 2100 
actggtgaag aggatacagc agaaaaagat 2160 
aatattgtaa atactggact caggaacttt 2220 
tcgaatgtaa ttggaatctt cacctcagag 2280 
tgtttactgc ttttcattag cagttgctca 2340 
ttggccatct taaaaagcag gtaaaaaacc 2400 
gttctattta acaactgggt catgtgcatc 24 60 
acaccaataa atgtttgtta tttacactgg 2520 
tcaattactt attttaggaa atttaagact 2580 
gtatttggta tgttgggata aggaaacact 2640 
ttttttttta accctcctgg gcccaagtga 2700 
gaccacaggc ttgttaccac catgctcggc 2760 
agttaatcca catctttact caggcaaggg 2820 
cttgaacata cttggtttcc tatttcccct 2880 
ttttttaaaa ttattactaa tgatgctttt 2940 
gggagtgagt gatcactggt attaacttta 3000 
tgtaaaggta tattgtgaac cctagctgtg 3060 
agtggtactg gggtgggatc ttggatggtg 3120 
tgaatgggtt gttaaaggca atggtttgtg 3180 
gttcctgaag aaaagagtcc aggtaaatgg 3240 
cataaaatcc aatattgtaa tcctagcact 3300 
tcaagagata gagaccatct ttgccaacat 3360 
aaattagctg ggcgtggtag tgcaagctga 3420 
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aggctgaggc aggagaatca ctcgaacccg ggaggcagag gttgcagtga gccgagatca 3480 

caccactgta ctccagcccg gcactccagc ctggcgacaa gagtgagact ccacctcaaa 3540 

aaaaaaaaaa agaatccaat actgcccaag gataggtatt ttatagatgg gcaactggct 3600 

gaaaggttaa ttctctaggg ctagtagaac tggatcccaa caccaaactc ttaattagac 366G 

ctaggcctca gctgcactgc ccgaaaagca tttgggcaga ccctgagcag aatactggtc 3720 

tcaggccaag cccaatacag ccattaaaga tgacctacag tgctgtgtac cctggggcaa 3780 

tagggttaaa tggtagttag caactagggc tagtcttccc ttacctcaaa ggctctcact 3840 

accgtggacc acctagtctg taactctttc tgaggagctg ttactgaata ttaaaaagat 3900 

agacttcaaa aaaaaaaaaa aaaaa 3925 

<210> 8 

<211> 654 

<212> PRT 

<213> Homo sapiens 



<400> 8 


























Met 


Lys 


Leu 


Ser 


Leu 


Val 


Ala 


Ala 


Met 


Leu 


Leu 


Leu 


Leu 


Ser Ala Ala 


1 








5 










10 








15 


Arg 


Ala 


Glu 


Glu 


Glu 


Asp 


Lys 


Lys 


Glu 


Asp 


Val 


Gly 


Thr 


Val Val Gly 








20 










25 










30 


lie 


Asp 


Leu 


Gly 


Thr 


Thr 


Tyr 


Ser 


Cys 


Val 


Gly 


Val 


Phe 


Lys Asn Gly 






35 










40 










45 




Arg 


Val 


Glu 


He 


He 


Ala 


Asn 


Asp 


Gin 


Gly 


Asn 


Arg 


He 


Thr Pro Ser 




50 










55 










60 






Tyr 


Val 


Ala 


Phe 


Thr 


Pro 


Glu 


Gly 


Glu 


Arg 


Leu 


He 


Gly 


Asp Ala Ala 


65 










70 










75 






80 


Lys 


Asn 


Gin 


Leu 


Thr 


Ser 


Asn 


Pro 


Glu 


Asn 


Thr 


Val 


Pne 


Asp Ala Lys 










85 










90 








95 


Arg 


Leu 


lie 


Gly 


Arg 


Thr 


Trp 


Asn 


Asp 


Pro 


Ser 


Val 


Gin 


Gin Asp He 








100 










105 










110 


Lys 


Phe 


Leu 


Pro 


Phe 


Lys 


Val 


Val 


Glu 


Lys. 


Lys 


Thr 


Lys 


Pro Tyr He 






115 










120 










125 




Gin 


Val 


Asp 


He 


Gly 


Gly 


Gly 


Gin 


Thr 


Lys 


Thr 


Phe 


Ala 


Pro Glu Glu 




130 










135 










140 






lie 


Ser 


Ala 


Met 


Val 


Leu 


Thr 


Lys 


Met 


Lys 


Glu 


Thr 


n 1 M.- 
Ala 


Glu Ala Tyr 












150 










ICC 

lbo 






160 


Leu 


Gly 


Lys 


Lys 


VQl 


Thr 


nis 


7\i a 

r\J. d 


Val 


V dl 


1 Hi 


VaX 




Jn-La lyi cllxs 










165 










170 








175 


Asn 


Asp 


Ala 


Gin 


Arg 


Gin 


Ala 


Thr 


Lys 


Asp 


Ala 


Gly 


Thr 


He Ala Gly 








180 










185 










190 


Leu 


Asn 


Val 


Met 


Arg 


He 


He 


Asn 


Glu 


Pro 


Thr 


Ala 


Ala 


Ala He Ala 






195 










200 










205 




Tyr 


Gly 


Leu 


Asp 


Lys 


Arg 


Glu 


Gly 


Glu 


Lys 


Asn 


He 


Leu 


Val Phe Asp 




210 










215 










220 






Leu 


Gly 


Gly 


Gly 


Thr 


Phe 


Asp 


Val 


Ser 


Leu 


Leu 


Thr 


He 


Asp Asn Gly 


225 










230 










235 






240 


Val 


Phe 


Glu 


Val 


Val 


Ala 


Thr 


Asn 


Gly 


Asp 


Thr 


His 


Leu 


Gly Gly Glu 










245 










250 








255 


Asp 


Phe 


Asp 


Gin 


Arg 


Val 


Met 


Glu 


His 


Phe 


He 


Lys 


Leu 


Tyr Lys Lys 








260 










265 










270 


Lys 


Thr 


Gly 


Lys 


Asp 


Val 


Arg 


Lys 


Asp 


Asn 


Arg 


Ala 


Val 


Gin Lys Leu 






275 










280 










285 




Arg 


Arg 


Glu 


Val 


Glu 


Lys 


Ala 


Lys 


Arg 


Ala 


Leu 


Ser 


Ser 


Gin His Gin, 




290 










295 










300 






Ala 


Arg 


He 


Glu 


He 


Glu 


Ser 


Phe 


Tyr 


Glu 


Gly 


Glu 


Asp 


Phe Ser Glu 


305 










310 










315 






320 


Thr 


Leu 


Thr 


Arg 


Ala 


Lys 


Phe 


Glu 


Glu 


Leu 


Asn 


Met 


Asp 


Leu Phe Arg 










325 










330 








335 


Ser 


Thr 


Met 


Lys 


Pro 


Val 


Gin 


Lys 


Val 


Leu 


Glu 


Asp 


Ser 


Asp Leu Lys 








340 










345 










350 


Lys 


Ser 


Asp 


He 


Asp 


Glu 


He 


Val 


Leu 


Val 


Gly 


Gly 


Ser 


Thr Arg He 
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355 






360 




365 








Pro 


Lys 


He 


Gin 


Gin 


Leu Val Lys 


Glu Phe 


Phe Asn Gly 


Lys 


Glu 


Pro 




370 








375 




380 








Ser 


Arg 


Gly 


He 


Asn 


Pro Asp Glu 


Ala Val 


Ala Tyr Gly 


Ala 


Ala 


Val 


385 










390 




395 






400 


Gin 


Ala 


Gly 


Val 


Leu 


Ser Gly Asp 


Gin Asp 


Thr Gly Asp 


Leu 


Val 


Leu 










405 




410 






415 




Leu 


Asp 


Val 


Cys 


Pro 


Leu Thr Leu 


Gly He 


Glu Thr Val 


Gly 


Gly 


Val 








420 






425 




430 






Met 


Thr 


Lys 


Leu 


He 


Pro Arg Asn 


Thr Val 


Val Pro Thr 


Lys 


Lys 


Ser 






435 






440 




445 








Gin 


He 


Phe 


Ser 


Thr 


Ala Ser Asp 


Asn Gin 


Pro Thr Val 


Thr 


He 


Lys 




450 








455 




460 








Val 


Tyr 


Glu 


Gly 


Glu 


Arg Pro Leu 


Thr Lys 


Asp Asn His 


Leu 


Leu 


Gly 


465 










470 




475 






480 


Thr 


Phe 


Asp 


Leu 


Thr 


Gly He Pro 


Pro Ala 


Pro Arg Gly 


Val 


Pro 


Gin 










485 




490 






495 




He 


Glu 


Val 


Thr 


Phe 


Glu He Asp 


Val Asn 


Gly lie Leu 


Arg 


Val 


Thr 








500 






505 




510 






Ala 


Glu 


Asp 


Lys 


Gly 


Thr Gly Asn 


Lys Asn 


Lys He Thr 


He 


Thr 


Asn 






515 






520 




525 








Asp 


Gin 


Asn 


Arg 


Leu 


Thr Pro Glu 


Glu He 


Glu Arg Met 


Val 


Asn 


Asp 




530 








535 




540 








Ala 


Glu 


Lys 


Phe 


Ala 


Glu Glu Asp 


Lys Lys 


Leu Lys Glu 


Arg 


He 


Asp 


545 










550 




555 






560 


Thr 


Arg 


Asn 


Glu 


Leu 


Glu Ser Tyr 


Ala Tyr 


Ser Leu Lys 


Asn 


Gin 


He 










565 




570 






575 




Gly 


Asp 


Lys 


Glu 


Lys 


Leu Gly Gly 


Lys Leu 


Ser Ser Glu 


Asp 


Lys 


Glu 








580 






585 




590 






Thr 


Met 


Glu 


Lys 


Ala 


Val Glu Glu 


Lys He 


Glu Trp Leu 


Glu 


Ser 


His 






595 






600 




605 








Gin 


Asp 


Ala 


Asp 


He 


Glu Asp Phe 


Lys Ala 


Lys Lys Lys 


Glu 


Leu 


Glu 




610 








615 




620 








Glu 


He 


Val 


Gin 


Pro 


He He Ser 


Lys Leu 


Tyr Gly Ser 


Ala 


Gly 


Pro 


625 










630 




635 






640 


Pro 


Pro 


Thr 


Gly 


Glu 


Glu Asp Thr 


Ala Glu 


Lys Asp Glu 


Leu 














645 




650 











<210> 9 

<211> 2349 

<212> DNA 

<213> Homo sapiens 

<400> 9 

gacgatgaag ttgatgtgga tggtacagta gaagaggatc tgggtaaaag tagagaagga 60 

tcaaggacgg atgatgaagt agtacagaga gaggaagaag ctattcagtt ggatggatta 120 

aatgcatcac aaataagaga acttagagag aagtcggaaa agtttgcctt ccaagccgaa 180 

gttaacagaa tgatgaaact tatcatcaat tcattgtata aaaataaaga gattttcctg 240 

agagaactga tttcaaatgc ttctgatgct ttagataaga taaggctaat atcactgact 300 

gatgaaaatg ctctttctgg aaatgaggaa ctaacagtca aaattaagtg tgataaggag 360 

aagaacctgc tgcatgtcac agacaccggt gtaggaatga ccagagaaga gttggttaaa 420 

aaccttggta ccatagccaa atctgggaca agcgagtttt taaacaaaat gactgaagca 480 

caggaagatg gccagtcgtc ttctgaattg attggccagt ttggtgtcgg tttctattcc 540 

gccttccttg tagcagataa ggttattgtc acttcaaaac acaacaacga tacccagcac 600 

atctgggagt ctgactccaa tgaattttct gtaattgctg acccaagagg aaacactcta 660 

ggacggggaa cgacaattac ccttgtctta aaagaagaag catctgatta ccttgaattg 720 

gatacaatta aaaatctcgt caaaaaatat tcacagttca taaactttcc tatttatgta 780 

tggagcagca agactgaaac tgttgaggag cccatggagg aagaagaagc agccaaagaa 840 

gagaaagaag aatctgatga tgaagctgca gtagaggaag aagaagaaga aaagaaacca 900 

aagactaaaa aagttgaaaa aactgtctgg gactgggaac ttatgaatga tatcaaacca 960 
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atatggcaga gaccatcaaa agaagtagaa gaagatgaat acaaagcttt ctacaaatca 1020 
ttttcaaagg aaagtgatga ccccatggct tatattcact ttactgctga aggggaagtt 1080 
accttcaaat caattttatt tgtacccaca tctgctccac gtggtctgtt tgacgaatat 1140 
ggatctaaaa agagcgatta cattaagctc tatgtgcgcc gtgtattcat cccagacgac 1200 
ttccatgata tgatgcctaa atacctcaat tttgtcaagg gtgtggtgga ctcagatgat 1260 
ctccccttga atgtttcccg cgagactctt cagcaacata aactgcttaa ggtgattagg 1320 
aagaagcttg ttcgtaaaac gctggacatg atcaagaaga ttgctgatga taaatacaat 1380 
gatacttttt ggaaagaatt tggtaccaac atcaagcttg gtgtgattga agaccactcg 1440 
aatcgaacac gtcttgctaa acttcttagg ttccagtctt ctcatcatcc aactgacatt 1500 
actagcctag accagtatgt ggaaagaatg aaggaaaaac aagacaaaat ctacttcatg 1560 
gctgggtcca gcagaaaaga ggctgaatct tctccatttg ttgagcgact tctgaaaaag 1620 
ggctatgaag ttatttacct cacagaacct gtggatgaat actgtattca ggcccttccc 1680 
gaatttgatg ggaagaggtt ccagaatgtt gccaaggaag gagtgaagtt cgatgaaagt 1740 
gagaaaacta aggagagtcg tgaagcagtt gagaaagaat ttgagcctct gctgaattgg 1800 
atgaaagata aagcccttaa ggacaagatt gaaaaggctg tggtgtctca gcgcctgaca 1860 
gaatctccgt gtgctttggt ggccagccag tacggatggt ctggcaacat ggagagaatc 1920 
atgaaagcac aagcgtacca aacgggcaag gacatctcta caaattacta tgcgagtcag 1980 
aagaaaacat ttgaaattaa tcccagacac ccgctgatca gagacatgct tcgacgaatt 2040 
aaggaagatg aagatgataa aacagttttg gatcttgctg tggttttgtt tgaaacagca 2100 
acgcttcggt cagggtatct tttaccagac actaaagcat atggagatag aatagaaaga 2160 
atgcttcgcc tcagtttgaa cattgaccct gatgcaaagg tggaagaaga gcccgaagaa 2220 
gaacctgagg agacagcaga agacacaaca gaagacacag agcaagacga agatgaagaa 2280 
atggatgtgg gaacagatga agaagaagaa acagcaaagg aatctacagc tgaaaaagat 2340 
gaattctaa 2349 
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